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(57) A pattern inspection apparatus is designed to 
quickly and accurately perform an inspection of 
an inspecting sample, such as masks, wafers or 
so forth by irradiating electron beams onto the 
inspection sample and detecting a secondary 
electron or a backscattered electron reflected 
from the surface of the inspecting sample or a 
transmission electron passing through the in- 
spection sample. The pattern inspection ap- 
paratus includes an electron beam generating , 
means including at least one electron gun for 
generating at least one electron beam irradiat- 
ing on the surface of the inspecting sample, a 
movable means for supporting the inspecting 
sample, a detecting means including a plurality 
of electron detecting elements for detecting 
electrons containing information related to the 
construction of the inspection sample and a 
detection signal processing means for proces- 
sing simultaneously or in parallel formation the 
outputs of the electron detecting elements of 
the detecting means. Also, when a plurality of 
electron beams are used for simultaneous ir- 
radiation of the inspecting sample, the pattern 
inspection apparatus is provided a mechanism 
for avoiding interference of a reflected beam of 
the adjacent electron beam. 



Fig. 2 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a pattern inspec- 5 
tion apparatus. More specifically, the invention relates 
to a pattern inspection apparatus for performing an in- 
spection of a mask pattern, such as a mask, reticule 
and so forth to be used in exposure technology for 
transferring a fine circuit pattern on a semiconductor 10 
substrate or a fine circuit pattern formed on a wafer. 
Further specifically, the invention relates to a pattern 
inspection apparatus for inspecting a pattern config- 
uration or a defect or an error in the pattern configur- 
ation of inspection samples, such as a mask to be 15 
used for X-ray exposure technology for transferring a 
fine circuit pattern and so forth on the semiconductor 
substrate employing an X-ray including a synchrotron 
radiation beam (SOR), a wafer, in which the fine cir- 
cuit pattern is formed on the semiconductor substrate 20 
or a mask, reticule or so forth to be used in light ex- 
posure technology for transferring a fine circuit pat- 
tern to the semiconductor substrate employing an ul- 
tra-violet light as a light source. 

25 

2. Description of the Related Art 

Conventionally, in order to transfer the fine circuit 
pattern onto the semiconductor substrates, the ultra- 
violet light is used as a light source. Normally, a mask 30 
containing patterns for several chips are employed to 
perform a transfer of a compressed pattern by period- 
ically shifting the transfer position on the wafer in a 
step-and-repeat manner, on a large diameter wafer. 
At this time, for defect inspection of the wafer-pattern 35 
for checking foreign matter or a defect on the mask 
pattern or for defect inspection of the foreign matter on 
the wafer or the wafer pattern, an optical method em- 
ploying an optical micrograph is frequently used. 
However, according to an increasing density of the 40 
fine circuit pattern, it has become necessary to pro- 
vide a light source with a shorter wave length for use 
in the wafer pattern inspection. In the conventional 
light source employing the conventional optical sys- 
tem, the resolution can not be improved because of a 45 
specific diffraction limit to make it difficult to detect a 
substantially small defect. 

As a solution, the development of inspection tech- 
nology employing an electron beam has progressed. 

Namely, according to an increasing density of cir- 50 
cuit patterns, X-ray exposure technology employing 
an X-ray containing synchrotron radiation beam 
(SOR) is regarded as one of the important next age 
transfer technologies. Simultaneously, it is becoming 
necessary to shorten the wavelength for the light 55 
source to be used for inspection of the X-ray mask. 

In the prior art, upon inspection of the mask as set 
forth above, reticule, a wafer on which a specific pat- 



tern is formed, or so forth, the subject for inspection 
is foreign matter (particle) adhering on the surface of 
the mask, reticule, the wafer or so forth, or a defect of 
the pattern as shown in Fig. 18, such as a protrusion 
201, a intrusion 202, a break 203, a bridge contact 
204, a pin spot 205, pin hole 206 and so forth. The 
generally required sensitivity is. for example, in the 
case of foreign matter, 

for bare wafer (pattern dimension) x 1/7 to 1/5 
for patterned wafer: (pattern dimension) x 1 
for reticule or mask: transfer limit. 
On the other hand, in the case of a pattern defect, the 
required sensitivity level is generally (line width) x 1/2. 

However, with an increase in the pattern density 
and an increase in package density, higher sensitivity 
becomes necessary. However, in the case of the in- 
spection process employing the light beam, there is a 
limit for thinning the light beam. Even when the wave- 
length is shortened, the highest possible sensitivity of 
the visual light is 0.25 urn. Therefore, the size of the 
device to be inspected is limited to 4M to 16M DRAM. 
On the other hand, even when an ultra-violet light 
beam is employed, the maximum possible sensitivity 
to be achieved is 0.15 urn. In this case, the size of the 
device to be inspected can be up to 64M DRAM. 
Therefore, it is difficult to effect an inspection for 256M 
DRAM or next age devices achieving a further re- 
duced size and greater packing density, such as 1G 
DRAM. 

Therefore, a method employing an electron beam 
in place of the light beam has been considered. 

In the method employing the electron beam, few- 
er problems will result by increasing the pattern den- 
sity and thus can permit the fabrication of higher den- 
sity patterns than with a light beam. 

However, in such prior art, there is a problem in 
that the information detected by a detecting means is 
processed independently in a time sequence in a de- 
tecting process and therefore, a relatively long data 
processing period is required. 

In addition, as set forth above, according to an in- 
crease of circuit pattern density and an increase of 
package density, the amount of data to be processed 
in pattern inspection of the device is naturally in- 
creased. Therefore, it is required to provide a greater 
capacity for accepting data to be arithmetically proc- 
essed. 

For example, there is a tendency to require a 
process for (1 cm/0.1 urn) 2 = 100 M pixel/cm 2 , 8" wa- 
fer, 31G pixel/wafer. 

In contrast, according to an increase of the den- 
sity of the circuit pattern, the size of the pattern unit 
for processing to check whether a defect is present or 
not becomes small. In addition, the capacity of the in- 
dividual chip is increased; Therefore, according to an 
increase of the circuit pattern density, the information 
amount to be processed for inspection rapidly in- 
creases. In the conventional electron beam system, a 
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single electron beam is scanned on the mask in order 
to detect the generated secondary electron /the back- 
scattered electron or transmitted electron. Therefore, 
a signal from the irradiating region of the electron 
beam with high convergence for detecting very small 5 
defects, is generated continuously in a time se- 
quence. This creates a long time period in the trans- 
mission of the image information to a signal process- 
ing system. Therefore, even when the process speed 
in the signal processing system is increased, it still re- 10 
quires a long time period for inspection. , 

Namely, in the patten inspection employing the 
electron beam, the electron beam is irradiated on the 
inspecting sample, such as a mask, wafer or so forth 
and is scanned in order to introduce the electron flow 15 
generated from the irradiating portion to the detecting 
portion. The electron current introduced into the de- 
tecting portion contains configuration information re- 
lating to trie pattern. From the signal formed by the 
electron flow, the pattern information can be obtained 20 
in a time sequence. 

As the electron flow to be introduced into the de- 
tecting portion from the irradiating portion of the in- 
specting sample, a secondary electron variable of in- 
cident direction to the detecting portion depending 25 
upon the configuration of the inspection sample, a 
backs cattered electron variable of an amount de- 
pending upon the material and configuration of the in- 
specting sample or a transmitted electron variable of 
a passing amount depending upon the pattern when 30 
the inspecting sample is a thin film mask, an X ray 
mask or so forth. With respective electrons, the plane 
configuration and three dimensional configuration, 
such as projection and recess and so forth, can be 
recognized. 35 

However, as set forth above, the method employ- 
ing the electron beam contains a problem in that the 
inspection speed is slow requiring a long process per- 
iod. 

40 

SUMMARY OF THE INVENTION 

It is an object of the preset invention to solve the 
problems in the prior art and thus provide a pattern in- 
spection apparatus that can detect a defect in a circuit 45 
pattern on an inspecting sample, such as a mask, wa- 
fer or so forth, by scanning at least one electron beam 
on the inspecting sample and using a secondary elec- 
tron or backscattered electron from the inspecting 
sample or an electron transmitting the sample with 50 
high sensitivity and high process speed, and thus can 
be adapted for larger capacity of information and high- 
er processing speed for processing the pattern of the 
mask, wafer or so forth with a high density circuit pat- 
tern and high package density. 55 

• According to the present invention, there is pro- 
vided a pattern inspection apparatus which compris- 
es: 



electron beam generating means including an 
electron gun for generating at least one electron beam 
accelerated and converged Into a predetermined di- 
ameter and irradiating an inspecting sample; 

movable support means for supporting the in- 
specting sample; 

detecting means including a plurality of elec- 
tron detecting elements arranged on a plane for de- 
tecting electron containing construction of the in- 
specting sample; and 

signal processing means for processing infor- 
mation output from respective electron detecting ele- 
ments of the detecting means simultaneously or in 
parallel formation. 

With the construction set forth above, the present 
invention can detect a fine pattern on the mask, wafer 
or so forth with high accuracy. Also, according to the 
present invention, since the electron transmitting the 
sample or generated from the surface of the sample, 
which contains information of the predetermined por- 
tion of the pattern, can be processed simultaneously 
or in parallel formation to contribute to the shortening 
of the process period. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more fully under- 
stood from the detailed description given herebelow 
and from the accompanying drawings of the preferred 
embodiments of the invention, which, however, 
should not be taken to be limitative to the invention but 
are for explanation and understanding only. 

In the drawings: 

Figs. 1(a) and 1(b) are schematic block diagram 
showing practical embodiments of a pattern in- 
spection apparatus according to the present in- 
vention; 

Fig. 2 is a fragmentary section of one embodiment 
of the pattern inspection apparatus of the inven- 
tion; 

Figs. 3(a) to 3(c) are illustrations showing a prin- 
cipal of pattern inspection method when the em- 
bodiment of the pattern inspection apparatus of 
the invention illustrated in Fig. 2 is employed; 
Fig. 4 is an illustration showing the principal of 
pattern inspection when the embodiment of the 
pattern inspection device according to the inven- 
tion and illustrated in Fig. 2 is employed; 
Fig. 5 is a schematic illustration showing con- 
struction of a detection means 4 to be employed 
in the pattern inspection apparatus according to 
the invention; 

Fig. 6 is a schematic illustration of another con- 
struction of a detection means 4 to be employed 
in the pattern inspection apparatus according to 
the invention; 



3 



5 



EP 0 518 633 A1 



6 



Fig. 7 shows an example of a construction of a 
movable support means 3 to be employed In the 
pattern Inspection apparatus of the invention; 
Fig. 8 shows an example of an electron beam 
generating means 2 to be employed in the pattern 5 
inspection apparatus of the invention; 
Fig. 9 is an illustration showing a irradiating con- 
dition of the electron beam when the electron 
beam generating means 2 of Fig. 8 is employed; 
Fig. 1 0 is an illustration showing another example 10 
of the electron beam generating means 2 to be 
employed in the pattern inspection apparatus ac- 
cording to the invention, in which Fig. 1 0(a) shows 
the side elevation of the overall construction, and 
Fig. 10(b) is a partial enlarged view of Fig. 10(a); ' 15 
Fig. 1 1 is an illustration showing an example of an 
inspection employing a plurality of electron 
beams by the electron beam generating means 2 
of the invention; 

Fig. 12 is an illustration showing an example of 20 
the construction of the electron beam generating 
means 2 and detecting means 4 in the construc- 
tion for detecting the backscattered electron or 
secondary electron; 

Fig. 13 is an illustration showing an example of a 2s 
construction for oscillating or scanning the elec- 
tron beam generating means 2 in the pattern in- 
spection apparatus of the invention; 
Fig. 14 is an explanatory illustration showing a 
scanning condition of an electron beam in Fig. 1 3; 30 
Fig. 15 is an illustration showing an example of a 
drive means for the electron beam generating 
means 2 for performing simultaneous inspection 
for adjacent samples in the pattern inspection ap- 
paratus according to the invention; 35 
Fig. 16 is an illustration showing an example of an 
inspection judgement circuit when the drive 
means for the electron beam generating means in 
Fig. 15 is employed; 

Fig. 17 is a plan view showing an example when 40 
the pattern inspection is performed employing the 
drive means of the electron beam generating 
means of Fig. 15; • 

Fig. 18 is an illustration showing an example of a 

defective portion in the same to be detected 45 

through pattern inspection; 

Fig. 19 is a block diagram showing a principal of 

the pattern inspection apparatus according to the 

invention; 

Fig. 20 is a block diagram showing the first em- 50 
bodiment of the pattern inspection apparatus of 
the invention; 

Figs. 21(a) to 21(e) show waveforms in various 
portions of the pattern inspection apparatus of 
Fig. 20; 55 
Fig. 22 is a section showing a construction of an 
electron beam irradiating section in the embodi- 
ment of Fig. 20; 



Fig. 23 is a similar view to Fig. 22 but showing the 
second embodiment of the pattern inspection ap- 
paratus according to the invention; 
Fig. 24 is a similar view to Fig. 22 but showing the 
third embodiment of the pattern inspection appa- 
ratus according to the invention; 
Fig. 25 shows a major part of the conventional 
pattern inspection apparatus; 
Fig. 26 is an illustration showing an example of a 
drawback due to the fluctuation of a spot diameter 
in the prior art; 

Fig. 27 is an illustration showing an example of a 
drawback due to the fluctuation of a deflection an- 
gle in the prior art; 

Fig. 28 shows a principal of another embodiment 
of the pattern inspection apparatus according to 
the invention; 

Fig. 29 shows a major part of another embodi- 
ment of the pattern inspection apparatus of Fig. 
28; 

Figs. 30(a) and 30(b) show details of the major 
part of a circuit C, with a plan view including the 
circuit C\; 

Fig. 31 is an illustration of a connection when an 
electrode voltage Vdzi of a converging electrode 
Edzi is adjusted; 

Fig. 32 is an illustration showing a layout of the 
basic pattern in one embodiment; 
Fig. 33 is a conceptual illustration showing a man- 
ner for measuring a spot diameter of a spot in a 
knife edge method according to one embodiment; 
Fig. 34 is a conceptual illustration showing a man- 
ner for measuring a spot diameter by a light metal 
and a heavy metal according to one embodiment; 
Fig. 35 is an illustration showing one embodiment 
of the pattern inspection apparatus according to 
the invention; 

Fig. 36 is an illustration showing one embodiment 
of the pattern inspection apparatus according to 
the invention; 

Fig. 37 shows an arrangement of one embodi- 
ment of the detection means of the invention; 
Fig. 38 shows an example of the arrangement of 
the detection device according to one embodi- 
ment of the invention; 

Fig. 39 is an illustration showing one embodiment 
of the pattern inspection apparatus according to 
the invention; 

Fig. 40 is an illustration showing the construction 
of a signal processing section in one embodiment 
of the pattern inspection apparatus of the inven- 
tion; 

Fig. 41 is illustration showing detection signals 
upon the presence and absence of a pattern; 
Figs. 42(a) to 42(c) are illustrations showing one 
embodiment of the pattern inspection apparatus 
in which (a) shows a fragmentary illustration 
showing a concept of the embodiment, (b) is a 
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plan view of a mask formed with openings and (c) 
shows a graph for identifying a position of the 
mask with the openings. 

Fig. 43(a) to 43(d) are illustrations showing wave 

forms used in a modulation method in another 5 

embodiment of the present invention; 

Fig. 44 is an illustration showing a switching 

means used in the present invention; 

Fig. 45 is an illustration showing another type of 

the switching means used in the present inven- 10 

tion; and 

Fig. 46 is an illustration showing a real time con- 
trolling circuit used in the present invention. 

DESCRIPTION OF THE PREFERRED 15 
EMBODIMENT 

Preferred embodiment of a pattern inspection ap- 
paratus according to the present invention will be dis- 
cussed herebelow in detail with reference to the ac- 20 
companying drawings. 

Fig. 1(a) is a brief illustration of one embodiment 
of the pattern inspection apparatus according to the 
present invention. Fig. 1 (b) is a brief illustration of an- 
other embodiment of the pattern inspection apparatus 25 
according to the invention. 

In both of the embodiments of Figs. 1(a) and 1(b), 
a pattern inspection device 1 comprises an electron 
beam generating means 2 having an electron gun for 
generating at least one electron beam that is acceler- 30 
ated and converged into a predetermined diameter for 
irradiating on an inspecting sample, a movable sup- 
port means 3 for supporting the inspecting sample, a 
detecting means 4, in which a plurality of electron de- 
tecting elements for detecting the electron containing 35 
information associated with the construction of the in- 
specting sample are arranged in alignment, and a de- 
tection signal processing means 5 for processing in- 
formation output from respective electron detecting 
elements of the detecting means 4 simultaneously or 40 
in parallel formation. 

Fig. 1(a) is basically designed for an inspection of 
the circuit pattern by transmitting electron beam 
through the inspecting sample, such as the mask or 
so forth. On the other hand, the apparatus of Fig. 1 (b) 45 
is basically adapted to use the secondary electron or 
the backscattered electron generated in the inspect- 
ing sample by irradiating the electron beam to the in- 
specting sample, such as the wafer, for performing an 
inspection. so 

At first, discussion will be provided for the elec- 
tron beam generating means 2 to be employed in the 
preferred embodiment of the pattern inspection appa- 
ratus according to the present invention. As set forth 
above, the conventional method employing the light 55 
beam has a limit of resolution due to diffraction effect 
and therefore, is not suitable for pattern inspection of 
the mask, wafer or so forth with high circuit pattern 



density and high package density. In contrast to this, 
according to the present invention, the electron beam 
as a charged particle is basically employed. In addi- 
tion, in the shown embodiment of the pattern inspec- 
tion apparatus according to the present invention, the 
electron beam generating means 2 is designed to 
generate a highly converged electron beam. 

Namely, one example of the electron beam gen- 
erating means 2 comprises an electron gun 21, and 
an electron optical system 25 including an electro- 
magnetic lens 22, a deflector 23 and an electromag- 
netic lens 24. 

In the drawings, the movable support means 3 
comprises a sample stage 31 for supporting the in- 
specting sample S, such as the mask or so forth, 
thereon, a XY stage drive mechanism 32 for shifting 
the sample stage 31 horizontally in one dimensional 
or two dimensional directions, and a laser interferom- 
eter 33, for example, for detecting a position of the 
sample stage 31 and generating control information 
signal. 

On the other hand, in Fig. 2, the detecting means 
4 composed of a plurality of electron detecting ele- 
ments is provided beneath the movable support 
means 3. The detecting means 4 is designed to re- 
ceive a plurality of electron beams and to process 
them simultaneously or in parallel formation. The out- 
put of the detecting means 4 includes a detection sig- 
nal processing means 5 that comprises an amplifier 
51 and a signal processing circuit 52. 

In the conventional method for fabricating the cir- 
cuit pattern T on the wafer or so forth, a single electron 
beam is employed so that the electron beam, which 
is finely focused by means of an appropriate electro- 
magnetic optical system, is irradiated on the wafer or 
so forth and scanned along the intended pattern T so 
as to form an image of the pattern T. 

In contrast to this, the present invention employs 
the electron beam for performing an inspection for 
checking whether the predetermined circuit pattern is 
correctly drawn or not, instead of drawing the circuit 
pattern. Therefore, in the electron optic system 25 of 
Fig. 2, the electron beam from the electron gun 21 is 
converged by a converging lens 22, such as the elec- 
tromagnetic lens or so forth, into a predetermined 
beam size, and then irradiated onto the random pos- 
ition in a certain region of the mask by means of the 
deflector 23. Therefore, appropriately converged 
electron beam is irradiated on a given region of the cir- 
cuit pattern as shown in Fig. 3a. Namely, according to 
the present invention, the beam diameter of the elec- 
tron beam is adjusted by the electron optic system 25 
so that the given region of the inspecting samples can 
be irradiated uniformly. 

As shown in Fig. 3b, in the X-ray mask or the like, 
the substrate 26 is a thin film made of a material con- 
taining elements having a relatively small atomic 
weight, such as SiC. On such substrate 26, an ab- 
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sorber 27 made of a material containing an element 
having a relatively large atomic weight, such as gold 
or tantalum is patterned for absorbing X-ray. When 
the electron beam is irradiated to such mask S, the 
electron beam B irradiated on the absorber 27 is scat- s 
tered by the heavy element thereof so as not to pass 
the mask or be significantly scattered. On the other 
hand, the substrate 26 is in the form of a thin film hav- 
ing thickness about 2 urn, and the scattering magni- 
tude of the irradiated electron beam is substantially 10 
small. Therefore, the spreading width of the scattered 
electron beam is substantially small so that most of 
the electron passes through the substrate 26. 

Accordingly, as shown in Fig. 3C and 4, only the 
transmission electron transmitted through the sub- is 
strate 26 forms the expanded image on the detecting 
means 4 with an appropriate electron optic system 6. 
Since the transmission electron is detected, the dust, 
which will not significantly affect the X-ray and will be 
detected as a defect in the conventional method for 20 
detecting the secondary electron or the backscattered 
electron, will permit the electron beam to pass without 
absorbing a significant part of the electron beam so as 
not to cause a detection error occurring in the prior art. 

As set forth above, according to the present in- 25 
vention, the electron beam B generated in the elec- 
tron beam generating means 2 and shaped is irradi- 
ated onto the inspecting sample S, such as the mask 
or the like. Then, the transmission electron containing 
the two dimensional information of the inspecting 30 
sample is projected on the detecting means 4 through 
the electron optic system 6 to form the patten image 
T on the detecting means 4. 

On the other hand, in the detecting means 4 as 
shown in Fig (5) to be employed in an embodiment of 35 
the pattern inspection apparatus as shown in Fig. 5 
according to the invention, a plurality of electron de- 
tecting elements 41 , such as semiconductor detecting 
elements formed by PN junction elements, are ar- 
ranged in horizontal alignment in one or two dimen- 40 
sional directions. Each of the electron detecting ele- 
ments receives the electron beam transmitting 
through the inspecting sample S and generates an 
electric signal corresponding to the intensity of the 
electron beam. 45 

On the other hand, as the detecting means 4, a 
channel plane 41 , such as that illustrated in Fig. 6, can 
also be employed. 

In this case, the electron entering the channel is 
boosted to enhance S/N ratio. As set forth above, the 50 
mask pattern thus formed can be obtained as two di- 
mensional image. 

Each of the detection signal generated by the de- 
tecting means 4 is subject to processes, such as bi- 
narization, simultaneously or in parallel formation, by 55 
the signal processing portion 5 and transmitted to a 
memory section (not shown) or so forth and stored 
therein as a digital image signal. Subsequent process 



following the image processing is similar to those per- 
formed in the conventional mask inspection appara- 
tus. Namely, by comparing the image informations of 
the same patterns of two chips to detect a difference 
therebetween to determine the presence of a defect. 
As an alternative, the defect can be detected by com- 
paring obtained data with design data. 

It should be noted that, in the movable support 
means 3 of the present invention, as shown in Fig. 7 
in terms of one example, the inspecting sample S, 
such as mask or the like, is fixed to the sample stage 

31 . The sample stage 31 is rigidly fixed to an XY stage 

32. For sample stage 31 and the XY stage 32, open- 
ings P are formed for passing the electron there- 
through. The XY stage 32 is designed to be driven by 
means of an external driving motor 34 through a ball 
screw or so forth. 

The foregoing discussion has been provided for 
the case in which the inspecting sample to be subject 
to the pattern inspection is the mask or the like, which- 
permitsthe electron beam to pass therethrough. How- 
ever, the present invention can be equally implement- 
ed for the case in which the inspecting sample S is a 
wafer or the reticule having a substrate with a thick- 
ness of several mm and thus does not permit the elec- 
tron beam to transmit therethrough by using the sec- 
ondary electron. 

In such a case, as shown in Fig. 1 b, the detecting 
means 4 is disposed between the movable support 
means 3 supporting the inspecting sample S and the 
electron beam generating means 2. Other construc- 
tions should be understood as equivalent to those of 
the former embodiment of Fig. 1a. 

In such a case, the electron detecting elements 
41 of the detecting means 4 are of course directed to- 
ward the movable support means 3. 

Furthermore, in the above-mentioned two exam- 
ples of the present invention, the electron beam B 
generated by the electron beam generating means 2 
may scan on the inspecting sample S appropriately by 
means of the deflection means. Such construction 
may be combined with the movable support means 3 
so that the predetermined pattern Tcan be rapidly de- 
tected with high sensitivity for a small defect and high 
accuracy. 

In order to satisfy the requirement for processing 
a large amount of data for efficiently inspecting the in- 
specting samples S, such as a mask, wafer or the like, 
having high circuit density and high package density, 
it becomes necessary to use a plurality of the electron 
beam generating means 2. The embodiment employ- 
ing a plurality of electron beam generating means 2 is 
illustrated in Fig. 8. As can be seen, multi-construction 
of the electron beam generating means 2 employed 
in the embodiment in Fig. 8 has a construction such 
that the electron beam generating means 2 per se is 
divided into a plurality of sub-devices; each sub-de- 
vice at least includes an electron emitter 101, a con- 



6 



11 



EP 0 518 633 A1 



12 



verging electrode 102, and a deflection electrode 103 
formed in the laminated construction. 

The electron beam generating means 2 in Fig. 8 
has a silicon substrate 100. In the silicon substrate, 
the electron emitter section 101 of silicon or hexago- 
nal boron lanthanum is formed. On the same or sep- 
arate silicon substrate, a plurality of layers of silicon 
oxide Si0 2 layer and a polycrystalline silicon layer are 
appropriately formed and the converging electrode 
102 and the deflection electrode 103 are formed to- 
gether with a hole for passing the electron with a fine 
processing technology. Then, the sub-assemblies 
thus formed are combined to obtain a multi-construc- 
tion electron beam generating means 2. 

The electron beams generated in the electron 
beam generating means 2 of the shown embodiment 
have an identical diameter to each other and are 
adapted to irradiate the predetermined area of a plur- 
ality of regions on the inspecting sample S uniformly. 

In order to practically implement the pattern in- 
spection apparatus according to the invention, it is, of 
course possible to use the electron beam generating 
means 2 of Fig. 2, which generates a single electron 
beam. However, in view of efficiency of inspection, it 
is preferred to employ a plurality of the electron beam 
generating means 2 as illustrated in Fig. 8. 

When a plurality of the electron beam generating 
means 2 are employed, those electron beam gener- 
ating means 2 can be arranged in one dimensional di- 
rection or in two dimensional directions. 

it should be appreciated that the number of rows 
or columns and the arrangement pattern of a plurality 
of electron beam generating means 2 are not speci- 
fied and can be determined in any number and any 
pattern depending upon intended application— 

Particularly, as shown in Fig. 9a, on the circuit 
pattern T formed on the inspecting sample S, a plur- 
ality of electron beams B1, B2, B3, B4 ... Bn are irra- 
diated simultaneously so that respective electron de- 
tecting elements 41 of the detecting means 4 may de- 
tect the transmitted electron or backscattered second- 
ary electron. Therefore, by employing the multi-con- 
struction electron beam generating means 2, a fine 
and large amount of pattern information can be quick- 
ly and accurately obtained for enhancing efficiency of 
inspection. 

On the other hand, when a plurality of the electron 
beam generating means 2 are employed, each elec- 
tron beam generating means 2 may be designed to 
scan the electron beams B1, B2, ... over a predeter- 
mined region by the deflection electrode 103. 

By employing such a construction to permit scan- 
ning of the electron beam, it becomes possible to en- 
able quick inspection for any configuration of circuit 
pattern on the inspecting sample S by using scanning 
of the electron beam in combination with horizontal 
shifting of the movable support means 3. 

In order to positively form a plurality of electron 



beams B, another construction of the electron beam 
generating means 2 as illustrated in Fig. 10 can be 
employed.' 

Namely, in the shown embodiment, a fine con- 
5 struction substrate 110 having the converging elec- 
trode 102 and the deflection electrode 103, excluding 
the electron emitter 101 as the electron gun, are fab- 
ricated. The fine construction substrate 110 is dis- 
posed between the electron beam generating means 

10 2 composed of the electron gun 21 and the optical 
system 22 as shown in Fig. 10(a) and the movable 
support means 3. Then, the electron beam injected 
from the electron gun and having an uniform diameter 
formed by the optical system 22 passes a given num- 

15 ber and given configurations of a plurality of electron 
beam passing holes 111 so that a plurality of the elec- 
tron beams can be irradiated on the surface of the in- 
specting sample S. 

In addition, by controlling deflection of the elec- 

20 tron beams passing through the electron beam pass- 
ing holes 111 respectively by means of the converg- 
ing electrode 102 and the deflection electrode 103, a 
plurality of regions on the inspecting sample can be 
scanned simultaneously. 

25 In the method set forth above, part of the circuit 

pattern on the inspecting sample S can be inspected 
at one time. As set forth above, by using the deflection 
means for scanning the electron beam in combination 
with the operation of the movable support means 3, 

30 ' the area to be inspected at one inspecting operation 

can be expanded. : 

Therefore, in the present invention, after inspec- 
tion of the part of the region of the pattern T on the in- 
specting sample S is completed, the movable support i 

35 means 3 is shifted by means oftheXY stage 32 to shift ! 
the irradiating region of the electron beam. ! 

As shown in Fig. 11, the detecting means 4 has [ 
a size corresponding to a small region. In each region, j 
the electron detecting elements 41 of the detecting \ 

40 means 4 detect the presence and absence of the 
transmission electron in synchronism with scanning 
the electron beam to obtain pattern information at re- 
spective positions on the mask. 

Fig. 12 shown the pattern inspection apparatus 

45 according to the present invention, which is designed 
for detecting the secondary electron or the backscat- 
tered electron from the mask or wafer on which the 
electron beam is irradiated. In the shown construc- 
tion, the detecting means 4 having a plurality of elec- j 

so tron detecting elements 41 is formed in the substrate 
1 00, on which the electron beam generating means 2 

is provided. ' 

In the method of patten inspection according to [ 
the present invention, each of the electron detecting 
55 elements 41 is coupled with a corresponding the elec- 
tron beam so as to detect the secondary electron or 

the backscattered electron from the irradiating posi- l 
tion of the corresponding electron beam. Since the I 

7 



13 



EP 0 518 633 A1 



14 



electron beam and the electron detecting elements 41 
are driven integrally, the secondary electron or the 
backscattered electron from the adjacent beam will be 
detected as mere noise. Therefore, degradation of a 
S/N ratio due to scattering of the adjacent electron 5 
beam will never occur. The detection signal from each 
detecting element 4 is transmitted to the signal proc- 
essing section and subject parallel image processing, 
such as binarization. Then the resultant digital image 
signal is stored in the memory section. The image 10 
processing to be subsequently performed is similar to 
that in the conventional inspection apparatus. 

In the present invention, it is possible to oscillate 
the electron beam generating means 2 per se within 
a predetermined region or to shift the electron beam 15 
generating means 2 in a two dimensional directions 
by a driving section 35, instead of employing the de- 
flection means 103 in the electronic beam generating 
means set forth above, as shown in Fig. 13. With such 
a construction, as shown in Fig. 14, the electron beam 20 
B1, B2 can be irradiated in the predetermined region 
of the inspecting sample uniformly in a relatively wide 
range. Therefore, by driving the electron beam B to 
shift at high speed with a predetermined appropriate 
pattern by the driving section 35. This makes provi- 25 
sion of the deflecting optical system 103 the electron 
beam generating means 2 unnecessary. 

The electron beam generating means 2 is mount- 
ed on an oscillation stage that is driven to oscillation 
in a substantially small range at high speed by the 30 
driving section 35. When a piezoelectric oscillation 
actuator, such as a piezoelectric element or the like is 
employed for driving the oscillation stage, high speed 
oscillation in at a frequency of several 10 Khz in a 
range of several 100 urn can be realized. 35 

In the practical construction of the pattern-inspec- 
tion apparatus according to the present invention, two 
of the above-mentioned pattern inspection mecha- 
nisms are provided for respective chips. Two pattern 
inspection mechanisms are at identical positions so 40 
that the same positions of the chips can be inspected. 
The positions of the pattern inspection mechanisms 
are variable depending upon the size of the chips to 
be inspected. Namely, as illustrated in Fig. 15, the 
electron generation means 2-1 and 2-2 are mounted 45 
on fine adjustment stages 28 and 29 respectively, 
which can be adjusted by a slide 27 for adjusting the 
distance between stages. On the other hand, on the 
stage supporting the inspecting samples, it is possible 
to apply the piezoelectric oscillation element. Further- so 
more, it may also be possible to cause shifting of the 
electron beam in the X direction by the above- 
mentioned mechanical scanning means and to scan 
the electron beam in the Y direction by an electrostatic 
deflection electrode 103 by means of an electrostatic 55 
deflection electrode (or vis versus). 

In the present invention, as shown in Fig. 16, the 
inspecting samples S1 and S2 are mounted on the 



movable support means 3. Respective samples S1 
and S2 are irradiated by the electron beams in unison 
so that respective corresponding electron detecting 
elements 4^ and electron detecting elements 41 2 de- 
tect the the secondary or backscattered electron re- 
flected from the irradiated position to output the detec- 
tion information. The detection information is process- 
ed by the amplifier 51 and the image memory 53 and 
then compared in the detecting signal processing cir- 
cuit 52. 

Fig. 17 shows a plan view illustrating a practical 
method for performing a comparison of the detected 
patterns between the samples S1 and S2. When the 
chip pattern T1 of the inspecting sample S1 and the 
chip pattern T2 of the inspecting sample S2 are com- 
pared, the first electron beam generating means 2-1 
and the second electron beam generating means 2- 
2, between which fine adjustment of the distance is ef- 
fected, are scanned according to the predetermined 
scanning pattern by the driving section 35. If addition, 
if required, by providing fine oscillation, a predeter- 
mined deflection is provided for the electron beam B. 
As an alternative, employing the deflection means in- 
corporated in the electron beam generating means, 
the predetermined deflection is provided for the elec- 
tron beam B. By this, the pattern T in the predeter- 
mined region can be completely scanned and inspect- 
ed. 

With the practical embodiments set forth above, 
by irradiating at least one electron beam to the prede- 
termined region on the inspecting sample, such as the 
mask or wafer or so forth, and by using the secondary 
electron or backscattered electron reflected from the 
sample or the transmitted electron transmitted 
through the sample, the defect in the circuit pattern on 
the inspecting sample can be detected with satisfac- 
torily high sensitivity and resolution and at high speed. 
Accordingly, it becomes possible to provide the pat- 
tern inspection device that can be adapted to an in- 
crease of the fineness of the circuit pattern and to an 
increase in the package density. 

In addition, when the inspection is performed for 
the inspecting sample, such as X-ray mask or so forth, 
by detecting the transmission electron, erroneous de- 
tection caused by dust can be successfully prevented 
to enhance the accuracy of the inspection. 

Next, another embodiment of the pattern inspec- 
tion apparatus according to the present invention will 
be discussed. 

With the foregoing embodiment, the object of the 
present invention can be attained. However, on the 
other hand, in the case of the pattern inspection ap- 
paratus that employs a plurality of parallel scanning 
electron beams, the respective electron flow entering 
the corresponding electron flow detecting sections 
may interfered with the electrons from the adjacent ir- 
radiating region. This degrades the S/N ratio at the 
boundary region between the adjacent irradiating re- 
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gions. 

Therefore, by solving the above-mentioned prob- 
lem, the effect of the present invention can be im- 
proved. Therefore, the shown embodiment has been 
proposed for attaining a shortened inspection time, 5 
and as well, to provide enhanced S/N ratio at any elec- 
tron irradiating regions. 

As set forth above, when a single electron beam 
is irradiated on the predetermined region of the in- 
specting sample for detecting the backscattered elec- 10 
tron or the secondary electron generated by the irra- 
diation of the electron beam by the corresponding 
backscattered electron or secondary electron detect- 
ing section, the secondary electron generated in the 
adjacent inspecting region can be superimposed on 15 
the backscattered or secondary electron from the re- 
gion to be inspected. In such a case, an error, such 
as when the presence of the pattern is detected even 
though a pattern is not presented in the inspecting re- 
gion, can result. 20 

For avoiding superimposition of the secondary 
electron from the adjacent inspection region, various 
proposal have been made. In the shown embodiment, 
a plurality of electron beams are modulated into a 
pulse so that the pulse period of respective electron 25 
beams irradiating respective adjacent inspection re- 
gions are differentiated from each other. Upon detec- 
tion of the secondary electron at a respective inspect 
tion region, the pulse period of the electron beam is 
synchronized so that only the synchronized puise is 30 
processed for inspection. As an alternative, by calcu- 
lating the pulse width of the electron beam for detect- 
ing the occurrence of the electron beam having a spe- 
cific pulse width, measurement of the secondary elec- 
tron of the corresponding inspection region takes 35 
place in response to the occurrence of the specific 
pulse width of the electron beam. 

In addition, in the shown embodiment, the elec- 
tron beams consisting of pulses having different per- 
iods are subject to a time-division based multiplexing 40 
process so that the secondary electron of the region 
to be inspected is measured in synchronism with the 
specific pulse. 

Also, in the shown embodiment, a plurality of 
electron beams are respectively modulated and com- 45 
posed to form a modulated electron beam. With this 
modulated electron beam, the secondary electron 
beam of the region to be inspected is measured in 
synchronism with the specific pulse width. 

Namely, in the shown embodiment, the electron 50 
beam is processed to form a pulse or to be modulated 
so that a time difference is provided in the measuring ' 
timing of the secondary electron at respective inspec- 
tion regions to prevent the influence of a secondary 
electron from adjacent inspection regions. 55 

In the present invention, the modulating process 
includes a time sharing process and a detection meth- 
od as well as an ordinary modulation process. 



Fig. 19 shows an embodiment of the pattern in- 
spection apparatus according to the present inven- 
tion, showing a principle. In Fig. 19, the reference nu- 
meral 301 denotes an electron beam supply means; 

302 denotes an electron beam modulating means; 

303 denotes an electron beam scanning means; 304 
denotes an electron flow detecting means; 305 de- 
notes a signal; 1 denotes a processing means, and 
310 denotes the inspecting sample. It should be noted 
that the shown embodiment is directed to an example 
employing two electron beams. Also, the electron 
beam scanning means 303 is shown as a mechanical 
scanning means for shifting the electron beam supply 
means 301. 

In order to accomplish above-mentioned object, 
the pattern inspection apparatus according to the 
present invention comprises an electron beam supply 
means (30) for supplying electron beams respectively 
irradiated on a plurality of irradiating regions of an in- 
spection sample (310), an electron beam modulating 
means (302) for modulating respective electron 
beams to moduled signals having mutually distinct 
signal patterns, an electron beam scanning means 
(303) for shifting the irradiating position of respective 
electron beams in order, an electron flow detecting 
means (304) for detecting the electron flow from the 
inspecting sample (310) generated by the electron 
beam and including information relating to the con- 
struction of a respective irradiating region, and a sig- 
nal processing means (305) for extracting a signal 
representative of the construction of a respective irra- 
diating region from the output signal of the electron 
flow detecting means (304). 

Respective electron beams supplied through the 
electron supply means 301 is modulated to the mutu- 
ally distinct patterns of moduled signals by the elec- 
tron beam modulating means 302. The moduled sig- 
nals of the electron beams are scanned on respective 
irradiating regions on the inspecting sample via the 
electron beam scanning means 303. The electron 
flow generated at respective irradiating regions by ir- 
radiation of the electron beams are gathered by inci- 
dence to the common electron current detecting 
means (304) and subsequently input to the signal 
processing means 305. The signal processing means 
305 thus derives signals indicative of the construction 
of respective irradiating regions. 

Further detailed discussion about the foregoing 
embodiment will be given hereafter with reference to 
the drawings. Fig. 20 shows, in the form of a diagram, 
the construction of the shown embodiment of the pat- 
tern inspection apparatus. In the drawings, an elec- 
tron generating element 411 forming a part of the 
electron beam supply means includes a plurality of 
electron emitters 41 1 and 412 on the common plane. 
The electron emitters 411 and 412 emit electron 
beams 361 and 362. The electron beams 361 and 362 
are modulated by modulating electrodes 321 and 322 
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that form the electron beam modulating means and 
receive an modulating signal from the signal process- 
ing section 305. 

The electron beams 361 and 362 passes a com- 
mon converging electrode 312 that converges re- 5 
spective electron beams in a respective fine area, and 
deflection electrodes 331 and 332 provided for re- 
spective electron beams 361 and 362 to reach the in- 
specting sample 310. The converging electrode 312 
forms a part of the electron beam supply means. The 10 
deflection electrodes 331 and 332 scan respective ir- 
radiating regions 401 and 402 of the inspecting sam- 
ple by shifting the electron beams 361 and 362 in or- 
der within the irradiating regions 401 and 402. 

The inspecting sample 310 is fixed on the sample 15 
stage 309. The sample stage 309 is adapted to be 
shifting in X, Y and Z directions via a XYZ stages. The 
XYZ stages are designed to be driven by respectively 
corresponding drive motors through ball screws or so 
forth. When scanning the electron beam on respective 20 
irradiating regions 401 and 402 the deflection electro- 
des 331 and 332 are completed, the x-y stage motor 
is driven for scanning another irradiating region of the 
inspection sample 310. 

On the upper portion of the inspecting sample 25 
310, the common electron flow detecting section 304 
is provided to commonly detect the backs cattered 
electron 371 and 372 generated by irradiation of the 
electron beams 361 and 362 on respective irradiating 
regions 401 and 402. The output of the electron cur- 30 
rent detecting section 304 is input to the signal proc- 
essing section 305. 

The signal processing section 305 comprises a 
CPU 351 for controlling the overall pattern inspection 
apparatus, modulated signal generating section 352 .35 
and 353 for providing the modulating signals for re- 
spective modulating electrodes 321 and 322 via am- 
plifiers 357 and 358, a signal discrimination section 
354 for discriminating the configuration signals from 
the irradiating regions 401 and 402 taking respective 40 
modulated signals from the modulating signal gener- 
ating sections 352 and 353 as reference signals, an 
image processing section 355 for receiving the output 
of the signal discriminating section 354 to convert the 
information contained therein into a binary image sig- 45 
nal, and a memory section 356 for storing the binary 
image signal. 

Fig. 21 shows waveforms of the signals to be 
used for discussion about respective signals in a pat- 
tern inspection apparatus, in this embodiment, the so 
modulating means forms pulses of the sequence of 
the electron beam for alternatively using two pulses 
having mutually different pulse phases. In the present 
invention, the modulated method includes a method 
for making a pulse signal from a continuous beam. 55 
The modulated pulse signals illustrated in Figs. 21(a) 
and 21(b) are pulse signals having mutually similar 
pulse frequencies and peaks thereof appear in alter- 



native fashion. Namely, the shown embodiment is di- 
rected to the example of signal processing in time- 
division multiplexing. 

The signal of the electron flow gathered in the 
electron detecting section 4 by inciding thereto from 
respective irradiating regions is illustrated in Fig. 
21 (c) as the input for the signal discriminating section. 
Namely, when the modulated pulse signal 1 is H level, 
the input signal for the signal discriminating section 
discriminates the signal as the configuration signal of 
the irradiating region 401. On the other hand, when 
the modulated pulse signal 2 is at H level, the signal 
discriminating section discriminates the input as the 
configuration signal of the irradiating region 402. 

In the signal discriminating section 354, by em- 
ploying the pulse signal 1 as the reference signal, the 
output as illustrated in Fig. 21(d) may be obtained as 
the configuration signal of the irradiating region 401. 
On the other hand, by employing the pulse signal 2 as 
the reference signal for discrimination, the output 2 il- 
lustrated in Fig. 21(e) is obtained as the configuration 
signal of the irradiating region 402. The amplitude of 
these outputs represents the pattern at respective ir- 
radiating regions 401 and 402. These signals are thus 
discriminated by the signal discriminating section 354 
and converted into the digital signals by the image 
processing section 355 parallel to each other. 

The output of the image processing section 355 
is stored in the memory section 356 as digital image 
information. By a signal processing section 305, 
which is not shown and following the memory section 
356, the conventional signal processing is performed 
for implementing a pattern inspection. 

An example is given to the signal frequency to be 
used. When a period, in which each electron beam is 
processed and modulated into a pulse signal, and 
namely, the period in which the electron stays on the 
pulse generating electrode, is 500 nsec, approximate- 
ly 2 Mhz is used as the frequency of the pulse signal. 
In such a case, assuming the total number of irradiat- 
ing regions to be irradiated in parallel formation ac- 
cording to the present invention is 100, and by em- 
ploying time sharing multiplexing, the pulse width of 
a respective modulated pulse signal becomes 500 
nsec/100 = 5 nsec. Accordingly, in such time sharing 
multiplexing, as pattern information of the inspecting 
samples, it becomes possible to perform an inspec- 
tion for 2M x 100 every second. Namely, 200 pix- 
el/seconds is possible. 

On the other hand, instead of using the time shar- 
ing multiplexing, it is possible to use pulse signals 
having the same frequency and mutually different 
pulse width, and even in this case, the signal discrim- 
ination taking the moduled signals as reference sig- 
nals is similar to the former embodiment. 

Fig. 22 shows a section of the detailed construc- 
tion of the electron beam irradiating portion in the em- 
bodiment of Fig. 20. In Fig. 22, shows an electron 
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beam generating section 311 forming the electron 
beam supply means, the converging electrodes 421 
to 423 forming three stage lens, and modulating elec- 
trodes 321 and 322 disposed therebetween. On the 
side of a traveling direction of the electron beam of the 5 
converging electrodes 421 to 423, the deflection elec- 
trodes 331 and 332 are provided. 

In the construction of the electron beam irradiat- 
ing portion, the electron beam generating section 31 1 , 
the modulating electrodes 321 and 322, the converg- 10 
ing electrodes 421 to 423 and the deflection electro- 
des 331 and 332 are preferably formed on the silicon 
substrate employing fine processing technology. 
Such construction has been reported in G. W. Jones 
et al. "Microstructure for Particle beam Control", J. 15 
Vac. Sci. Technol. page 2023 to 2027, B6(6), Nov/Dec 
1988, for example. 

As shown in Fig. 22, the converging electrode is 
formed by three stage electrostatic lens 421 , 422 and 
423 arranged in order of traveling direction of the elec- 20 
tron beams 361 and 362. The front stage electrostatic 
lens 421 is set at high potential with respect to the 
electron beam generating section 311 and commonly 
used as an output line for extracting an electron from 
the electron emitters 41 1 and 412. 25 

The rear stage electrostatic lens 423 is main- 
tained at equal potential to the front stage electrode 
421. The intermediate electrode 422 is maintained at 
a different potential to the electrodes 421 and 423. 
The three stage electrostatic lens converge the elec- 30 
trons emitted from the electron emitter 411 and 412 
and having a tendency to be scattered the same into 
the electron beam for irradiating a substantially small 
area. 

The modulating electrodes 321 and 322-modu- 35 
lates electron beams 361 and 362 into pulses accord- 
ing to the modulating signals. In such a case, peaks 
of the modulating signal become equal potential to the 
electron beam generating section 311 to permit the 
electron beam, and the bottom of the pulse of the 40 
modulating signal becomes negative to shut the front 
stage electrostatic lens 421 from the electron beam 
generating section 31 1 to block a emission of the elec- 
tron to control the generated electron amount from the 
electron beam generating section 311. 45 

The deflection electrodes 331 and 332 are provid- 
ed the same scanning signals so that scanning voltag- 
es are applied between the deflection electrodes re- 
spectively in opposing X and Y directions. By deflect- 
ing the electron beams simultaneously in the same di- 50 
rection according to the scanning voltage, scanning of 
respective irradiating regions occurs simultaneously. 

The manner of scanning is illustrated in Fig. 14. 
The electron beams 361 and 362 converging at the ir- 
radiating regions 401 and 402 by the effect of the con- 55 
verging electrodes are shifted in four directions paral- 
lel to the irradiating surfaces of respective irradiating 
regions 401 and 402 of the inspecting sample by re- 



spectively corresponding deflection electrodes, as il- 
lustrated by arrows so that ail regions in the irradiating 
regions 401 and 402 can be scanned. 

Fig. 23 is a section showing another construction 
of the electron beam irradiating portion in the pattern 
inspection apparatus according to the present inven- 
tion that corresponds to that illustrated in Fig. 10. In 
Fig. 23, the electron beam generating section 317 is 
differentiated from that shown in Fig. 22 and has an 
electron supplying means 317 for supplying uniform 
electrons, and a shielding plate 318 having fine aper- 
tures 481 and 482 at positions corresponding to re- 
spective irradiating regions for introducing electron 
beams therethrough. An accelerating voltage is 
charged at the position between the shielding plate 
318 and the front stage electrostatic lens 421 for ac- 
celerating the electron. The other construction is the 
same as that of Fig. 22. 

Fig. 24 is a section showing the electron beam ir- 
radiating portion in the third embodiment of the pat- 
tern inspection apparatus according to the present in- 
vention. In the shown embodiment, in place of the 
modulating electrodes 321 and 322 for modulating the 
electron beam as illustrated in Fig. 22, a deflection 
modulating electrodes 323 and 324 for deflecting the 
electron beams 361 and 362 in a direction perpendic- 
ular to the traveling direction as illustrated by broken 
line A, and a passing control section 325 and 326 for 
blocking the deflected electron beam by blocking 
walls 451 and 461 are provided. The other construc- 
tion is the same as that of Fig. 22. The signal wave- 
form in this embodiment is similar to that shown in Fig. 
21 and therefore discussion thereof is omitted. 

In the shown embodiment, by sequentially de- 
flecting the axis of the electron beam transversely, a 
pulse form electron beam is irradiated on the irradiat- 
ing region. 

Fig. 43 shows signal wave forms used in another 
embodiment of the modulating method of the present 
invention in which each one of main pulse wave sig- 
nals is modulated by adding thereto a plurality of an- 
other pulsed signals each having a frequency differ- 
ent from each other and the main pulse wave signal 
perse can be discriminated from the detected signal, 
a plurality of the pulse wave signals each having a fre- 
quency different from each other are integrated in the 
main pulse wave signal by tuning the main pulse wave 
signal with the same frequency as the main pulse 
wave signal originally possesses. 

For example, Fig. 43 (a)- 1 shows a wave form of 
the main pulse wave signal in a beam used in the 
present invention while Fig. 43 (a)-2 shows a wave 
form of the noise caused by an interference signal 
generated by adjacent pulse wave signal beams. 

The former pulse wave signal has a frequency dif- 
ferent from that of the latter and Fig. 43 (a)-3 shows 
a wave form of a modulated pulsed wave form in 
which the main pulse wave signal 1 is modulated by 
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the noise pulse wave signal 2 and thus a detector de- 
tects the pulse wave form 3 in that the noise is incor- 
porated thereinto. 

Note, that in Fig. 43 (a)-3, a dotted line represents 
an true pulse wave form of the main pulse wave signal s 
1. 

Fig. 43 (b) shows a pulse wave form of a modu- 
lated pulsed wave form in which the main pulse wave 
signal 1 is interfered by a plurality of noise pulse wave 
signals — , each having a different frequency from 10 
each other. 

Note, that in this embodiment, the pulse wave sig- 
nal as shown in Fig. 43 (b) is formed by modulating the 
main pulse wave signal 1 by a plurality of noise pulse 
wave signals. 15 

Fig. 43 (c) shows a modulated wave form ob- 
tained from the pulse wave form as shown in Fig. 43 
(b) by passing it through a band-pass filter having the - 
same frequency as the main pulse wave signal origi- 
nally possesses as a center of the band used and a 20 
continuous line 5 represents the wave form of the 
modulated wave form of the pulse wave signal 1 in 
which both of the high frequency components and low 
frequency components are deleted from the final 
wave form. 25 

Note, that the wave form as shown in Fig. 43 (c) 
for example, represents a signal level showing that 
the pulse wave signal 1 detects white patterns, i.e., 
the fact that patterns are existing. 

On the other hand, Fig. 43 (d) shows a modulated 30 
wave form obtained from another pulse wave form 
generated in a condition in which no pattern exists by 
the same way as explained above, and a continuous 
line 6 represents a signal level showing that the pulse 
wave signal detects black patterns, i.e., the-.fact that 35 
no pattern is existing. 

Accordingly, the fact that whether or not the pat- 
tern exist on the substrate, can be discriminated by 
detecting the difference of amplitudes of the two sep- 
arate wave forms thereof. 40 

With the shown construction, a plurality of irra- 
diating regions can be scanned by the electron beams 
simultaneously enabling high speed inspection. Also, 
interference of the adjacent electron beams can be 
successfully prevented to obtain the configuration sig- 45 
nals with an enhanced S/N ratio. Therefore, the 
shown embodiment of the pattern inspection appara- 
tus can perform accurate inspection in a short inspec- 
tion period. 

Although the foregoing embodiment attains a re- so 
markable gain in the improvement of the efficiency of 
inspection and avoids mutual interference of adjacent 
electron beams, there is the following unsolved prob- 
lem. 

Namely, the foregoing pattern inspection appara- 55 
tus according to the present invention, is composed of 
a plurality of electron guns, beam extracting electro- 
des, converging electrodes, deflection electrodes. 



When respective electron guns or respective electro- 
des have a tolerance in production, a slight variation 
is induced In the characteristics of the electron beams 
so as to cause a fluctuation of the focus points of the 
electron beams. In some cases, the focus point is set 
in front of or behind the irradiating surface to cause fo- 
cus error at the image to be inspected. This problem 
is encountered not only in pattern inspection but also 
in the drawing of a pattern employing the electron 
beam exposure device. To solve this problem, the 
electron beams emitted from a plurality of electron 
guns have to be uniformly irradiated on the inspecting 
surface. The following embodiment of the pattern in- 
spection apparatus proposes a solution for this prob- 
lem by comparing each electrode with a preliminarily 
provided reference electrode to individually adjust the 
characteristics thereof and make it consistent with 
that of the reference electrode. 

The following is a discussion for the embodiment 
of the pattern inspection apparatus according to the 
present invention. 

* Fig. 25 shows the construction of the major por- 
tion of the embodiment of the pattern inspection ap- 
paratus according to the invention. In Fig. 25, the ref- 
erence numeral 501 denotes the electron beam gen- 
erating means. The electron beam generating means 
501 has a silicon substrate 502, on which a plurality 
of (two are shown in the drawing) electron emitters 
503 and 504 are formed of silicon, metal, such as Ta 
or the like, or lanthanum boride or the like. Below the 
electron emitters 503 and 504, an extraction electrode 
505, a converging electrode 506, a deflection elec- 
trode 507 and detectors 508 and 509 are laminated in 
order. The reference numeral 510 denotes an anode; 
511 and 512 denotes grounding electrodes; 513 de- 
notes an inspecting sample, such as an exposure 
mask or the like, on which a fine pattern (omitted from 
illustration) is formed. 

From the electron emitters 503 and 504, charged 
particle beams (electron beams) 503a and 504a are 
emitted 504a having a beam current corresponding to 
the electrode voltage V 5 of the extraction electrode 
505. The electron beams 503a and 504a is then con- 
verged with a convergence ratio corresponding to the 
electrode voltage V 6 of the converging electrode 506. 
Subsequently, the electron beam 503a and 504a are 
deflected at an deflection angle corresponding to the 
electrode voltage V 7 of the deflection electrode 507 
and thus irradiated onto the sample 51 3 in the form of 
a spot 

Then, the backscattered electron or the second- 
ary electron (illustrated by broken line) is discharged 
from the surface of the sample in response to the ir- 
radiation of the electron beams 503a and 504a. These 
emitted electrons are caught by the detectors 508 and 
509 and converted into electric signals, for example, 
an X-ray mask, and a greater amount of emitted elec- 
trons are emitted from the electron beam absorber 
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than from the mask membrane forming the sample 
513, because the material (gold, tantalum and other 
elements having a large atomic weight) used for the 
electron beam absorber has a higher generation ratio 
of backscattered electrons or the secondary electrons 5 
than the material (silicon or other elements having a 
small atomic weight) used for the mask substrate. 

Accordingly, by simultaneously irradiating a plur- 
ality of electron beams 503a and 504a for unitarily 
processing the outputs of the detectors 508 and 509 10 
for respective electron beams, a fine and large 
amount of pattern data of the pattern formed on the 
surface of the sample 513 can be inspected rapidly 
and accurately. Also, when the apparatus is applied 
to a pattern drawing apparatus, a circuit pattern hav- is 
ing a fine and large capacity for pattern data can be 
rapidly and accurately drawn. 

However, in the above-mentioned electron beam 
apparatus, since common electrodes are provided for 
a plurality of electron beams, it can happen that spot 20 
diameters of the electron beams can be slightly differ- 
entiated, the beam axes can be slightly offset, or the 
deflection angles do not become precisely coincident 
with each other, because of mechanical tolerance of 
the electromatnetic optical systems for respective 25 
electron beams. Therefore, in view of an improvement 
of making the electron beam characteristics coinci- 
dent with each other with high precision, there still re- 
mains a technical problem to be solved. 

Fig. 26 illustrates an abstract of a problem arising 30 
due to a fluctuation of the spot diameter of the electron 
beam. Though a defect in the circuit pattern that can 
be detected with smaller spot, it is often difficult to de- 
tect the same with a larger spot The illustrated wave- - 
forms a and b represent the detected intensity of the 35 
backscattered electron or secondary electron reflect- 
ed from the sample surface or the transmission elec- 
tron passing through the sample. Although it is not il- 
lustrated, by providing the detector at the back side of 
the sample, the transmission electron can be caught 40 
and converted into an electron signal to obtain one di- 
mensional information of the transmission path in ad- 
dition to two dimensional information of the sample. In 
the case of a large spot, the signal intensity at the de- 
fective portion becomes small to make it difficult to 45 
recognize the defect. 

Fig. 27 is an explanatory illustration showing a 
problem arising due to a fluctuation of the deflection 
angle. When the deflection angle becomes excessive, 
the electron beam can enter the adjacent irradiating 50 
region to create an overlapping region to form a mul- 
tiple detection region. On the other hand, when the de- 
flection angle is too small, a non-irradiating region can 
be left between adjacent irradiating regions creating 
a non- inspected region. 55 

Such a problem will occur even when the electron 
beam system is applied to a pattern drawing appara- 
tus. Namely, the fluctuation of the spot diameter may 



degrade the precision of patterning. On the other 
hand, the fluctuation of the deflection angle may 
cause degradation of the precision of pattern drawing 
positions. 

Therefore, the present invention proposes an 
electron beam system that enables the adjustment of 
characteristics of a respective individual electron 
beam and thus to make the characteristics of the over- 
all electron beams uniform with precision. 

Fig. 28 shows one embodiment of the electron 
beam system implementing the invention set forth 
above. As shown in Fig. 28, on a common substrate 
520 or separated substrate arranged on the same 
plane, a plurality of electron emitters 521 are formed. 
For each of the individual electron emitters 521, an ex- 
traction electrode 523 for extracting a charged particle 
beam 522 from the electron emitter, a converging 
electrode or a converging coil 524 for providing a con- 
verging ratio corresponding to the electrode voltage 
or an energization current, a deflection electrode or 
deflection coil for providing a deflection angle corre- 
sponding to the electrode voltage or an energization 
current to the charged particle beam, a detector 529 
for detecting the secondary electron or the backscat- 
tered electron 527 reflected from the surface of the 
sample 526 or an transmission electron 528 passing 
through the sample 526, and an adjusting means for 
all or part of the electrode voltage or energization cur- 
rent provided for the extraction electrode 523, the 
converging electrode or converging coil 524 and the 
deflection electrode or deflection coil 525, are provid- 
ed. 

In the shown embodiment, the electrode voltage 
or the energization current for each of the charged 
electron beams can be adjusted independently. For 
example, by adjusting the electrode voltage of the 
converging electrode 524, the spot diameter of the 
charged particle beam can be adjusted. On the other 
hand, by adjusting the electrode voltage of the extrac- 
tion electrode 523, the beam current is varied to adjust 
the spot diameter. As an alternative, by adjusting the 
electrode voltage of the deflection electrode 525, the 
charged particle beam axis can be adjusted. 

Therefore, the overall electron beam characteris- 
tics can be unified with high accuracy. 

The practjcal embodiment of the electron beam 
system according to the invention will be discussed 
herebelow. 

Figs. 29 to 35 shows the practical embodiment of 
the electron beam system that is directed to applica- 
tion of the pattern inspection apparatus. 

In Fig. 29, the reference numeral 530 denotes 
one or more substrates of multi-layer structure. For 
the substrate 530, a plurality of (three are shown in the 
drawing) of electron emitters 531 to 533 formed of a 
metal, such as or silicon, Ta or the like or lanthanum 
borideorthelike are formed. It should be appreciated, 
that the substrate 530 can be a common substrate for 
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the electron emitters 531 to 533, or as an alternative 
can be an individual independent substrate for each 
of the electron emitters 531 to 533. In the further al- 
ternative, the substrate 530 can be formed by lamin- 
ating and holding a plurality of substrates. However, 5 
in the case of the individual independent substrate, 
the individual substrates have to be arranged on a 
common plane and integrated by being fixed to each 
other. 

Below, respective electron emitters 531 to 533, 10 
an extracting electrodes Ea, (i is 531, 532 and 533, 
same in the following), an anode Eb,, a first grounding 
electrode Ec,, a converging electrode Ed,, a second 
grounding electrode Ee,, a deflection electrode Ef, and 
a detector S| are provided in order. These elements is 
are provided exclusively for corresponding to one of 
the electron emitters 531 to 533. 

Here, discussion will be provided for major elec- 
trodes. The extraction electrode Ea, is adapted to ex- 
tract a charged particle beam (electron beam) B, hav- 20 
ing a beam current corresponding to given electrode 
voltage Va, from the electron emitter 531 (or 532 or 
533). The converging electrode Ed, converges the 
electron beam by generating an electric field having 
an intensity corresponding to the charged electrode 25 
voltage Vd,. The deflection electrode generates an 
electric field corresponding to the charged electrode 
voltage Vf, for providing a deflection angle for the elec- 
tron beam. Other electrodes (anode electrode Eb,, the 
first grounding electrode Ec, and the second ground- 30 
ing electrode Ee,) are adapted to assist in the function 
of the extraction electrode Ea,, or form an electric filed 
distribution for converging electrons between the con- 
verging electrode. For these electrodes, the same po- 
tential of electrode voltage Vg (grounding potential) is 35 
provided. 

The above-mentioned construction merely shows 
the typical construction in number of electrodes, lay- 
out of the electrodes and distribution of the charged 
voltages, and should not be regarded as essential for 40 
implementing the invention. Furthermore, although, 
the discussion is provided for the example employing 
electrostatic convergence and electrostatic deflec- 
tion, the drive type should not be specified as the elec- 
trostatic type but can be electromagnetic conver- 45 
gence and electromagnetic deflection. Also, it is pos- 
sible to use an electrostatic driving type and an elec- 
tromagnetic driving type in combination. However, in 
the case that the electromagnetic type driving is em- 
ployed, the converging electrode and the deflection 50 
electrode should be replaced with the converging coil 
and the deflection coil. Also, the driving power to be 
applied to these elements is an engergization current. 

The detector S| provided for respective electron 
beam B, is adapted to catch the backscattered elec- 55 
tron or the secondary electron emitted from the sur- 
face of the sample 534, such as the X-ray exposure 
mask or the like, to mark for aligning the sample 534 



to be exposed or a correction unit pattern, which will 
be discussed later, and to convert into an electric sig- 
nal. The electric signal output from respective detec- 
tors S, contains information representative of the con- 
figuration of a fine portion of the electron beam ab- 
sorber (not shown) on the sample 534, i.e., the circuit 
pattern in a fine portion: Accordingly, the two dimen- 
sional information of the sample 534 can be repro- 
duced from all of the electric signals. Therefore, the 
defective portion (white defect or black defect, for ex- 
ample) in the fine pattern can be accurately identified. 
Alternatively, although it is not illustrated, by providing 
the detector at the back side of the sample, the trans- 
mission electron can be caught and converted into an 
electron signal to obtain one dimensional information 
of the transmission path in addition to two dimensional 
information of the sample. 

Here, the circuit C, for a respective beam formed 
by fine processing technology on the upper surface of 
the substrate has a function as the adjusting means, 
as set forth above, and adapted to generate neces- 
sary voltages Vaj, Vd|, Vf, and Vg) by voltage divider 
resistors, for example. 

Fig. 30 shows the plan view of the circuit C, and 
the detail thereof. The power source voltage V Q intro- 
duced into the circuit C, is taken out as Va,, Vd, or Vf, 
through a parallel resistor network including several 
resistors <R 1( R 2 , R3 and R4). By selectively cutting off 
the resistor elements, the voltage can be adjusted. As 
a method of voltage adjustment by a parallel resistor 
network is specific to the shown parallel resistor net- 
work but can be a series resistor network or combin- 
ation thereof. Also, instead of cutting off the selected 
resistor, an equivalent voltage adjustment can be 
done by adding a selected resistor(s). Furthermore, 
respective elements in the resistor network can be 
formed by transistors. As a suitable device for cutting 
off and connecting the fine pattern, a mask repair de- 
vice disclosed in "Precision Mechanics Paper" (Vol. 
53, No. 6, pages 15 to 18) June 5, 1987, Precision 
Mechanics Association), for example, in which high 
luminous FIB (Focused Ion Beam), higher than or 
equal to lA/cm 2 having a beam diameter less than or 
equal to 0.1 um, is generated for correction (cutting 
out of black defect or connection by deposition of the 
material vapor) of the pattern defect (black or white 
defect) on the photo mask by the FIB. 

Referring to Fig. 31, by selectively cutting off re- 
spective resistor elements to R4 of the circuit C,, the 
electrode voltage Vd, for converging the electron 
beam B, can be appropriately adjusted by applying it 
to the converging electrode Ed, and varying the vol- 
tage division ratio of the power source voltage V 0 . By 
this, the converging ratio of the electron beam B, con- 
verged by the converging electrode Ed, can be adjust- 
ed to adjust the spot diameter. 

On the other hand, although it is not illustrated in 
the drawing, by adjusting the electrode voltage Va, to 
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be applied to the extraction electrode Ea )( the amount 
of the beam current of the electron beam B| can be ad- 
justed independently since there is a correlation be- 
tween the beam current and the spot diameter. 

Furthermore, though it is not illustrated, by adjust- 5 
ing the electrode voltage Vf, to be supplied to the de- 
flection electrode Ef, the beam axis and the deflection 
angle of the electron beam B, can be adjusted. 

Fig. 31 is an illustration of a connection when an 
electrode voltage Vdzi of a converging electrode Edzi 10 
is adjusted. 

As set forth above, since the characteristics of 
each of the electron beams can be adjusted indepen- • 
dently of each other, the characteristics of the overall 
electron beam can be unified. Therefore the shown 15 
embodiment is successful in solving the problem con- 
cerning the inconsistency of beam axes or deflection 
angles. 

Next, a preferred example for detecting the fluc- 
tuation of the characteristics of the electron beam B| 20 
will be discussed. Fig. 32(a) snows a plan view of a 
table 535 that is movable in X-Y directions when 
mounting the sample 534. At the predetermined pos- 
ition of the table 535, a reference pattern section 536 
is fixedly provided so that it can be placed within the 25 
irradiating region of a plurality of electron beams by 
shifting the table 535. Fig. 32(b) shows a side eleva- 
tion wherein the reference pattern portion 536 is posi- 
tioned within the irradiating region 537 of the electron 
beams. A plurality of electron beams discharged from 30 
an electron beam generating means 538, including a 
plurality of electron emitters, are irradiated on the ref- 
erence pattern portion 536. 

In the reference pattern portion 536, unit patterns 
(element having a large atomic weight is used) in the 35 
number corresponding to the number of the electron 
beams and precisely designed are arranged in regular 
arrangement. The backscattered electron or second- 
ary electron is discharged from respective unit pat- 
terns and circumferential n on- patterned portions, or 40 
the transmission electron passing through respective 
unit patterns and the circumferential non-patterned 
portions are detected by the detector Si- 
Fig. 33 shows when the electron beam is irradiat- 
ed on the single unit pattern and the circumferential 45 
non-patterned portions. It is assumed that the relative 
positional relationship between the electron beam 
and the unit pattern is shifted from the position A to a 
position B and then from the position B to a position 
C by deflecting scan or fine shifting of the table 535. 50 
At the position A, ail of the electron beam is irradiated 
on the non -patterned circumferential portion. There- 
fore, the largest amount of the transmission electron 
passes through the non-patterned portion. At the pos- 
ition B, the electron beam irradiates approximately 55 
half of the unit pattern. At this time, the amount of 
transmission electrons becomes lesser than that the 
position A. On the other hand, at the position C, the 



electron beam fully irradiates the unit pattern. There- 
fore, no transmission electrons is obtained. Fig. 33(b) 
is a graph illustrating a variation of the beam current 
representative of the variation of the transmission 
electron while shifting from the position A to the pos- 
ition C. As can be seen, the line La shows a variation 
of the beam current, in that the beam current is initially 
large and abruptly decreases across the position B 
arid then becomes 0. Fig. 33(c) shows a graph Lb il- 
lustrated a differentiated value of the line La. As can 
be seen, the differentiated value becomes 0 at both 
ends and becomes maximum at the position B. With 
a width of the differentiated value curve, Lb (generally 
half value width) represented the width of the electron 
beam and the spot diameter. Such a measurement is 
called a knife edge method. 

Fig. 34 illustrates another manner. In Fig. 34(a), 
for the reference pattern formed by a combination of 
the light element, having a relatively light atomic 
weight a heavy element, such as tantalum, the elec- 
tron beam is irradiated in the same manner. Then, be- 
cause of the difference of atomic weight, the differ- 
ence is induced in the generation of the backscattered 
electron or the secondary electron so that the current ■ 
variation curve Lc as shown in Fig. 34(b) is obtained 
while shifting from the position A to the position C. 
Similarly to the knife edge method, the curve swiftly 
varies across the position B. Then, with the differen- 
tiated values, a differentiation curve similar to Fig. 
33(c) can be obtained for measuring the spot diame- 
ter. 

The foregoing examples of a practical measure- 
ment of the spot diameter is adapted for a single elec- 
tron beam. In the modification, the spot diameters of 
a plurality of electron beams can be measured 
through the process as illustrated in Fig. 35. 

Fig. 35(a) illustrates a preferred plane configura- 
tion of the unit pattern. Here, by utilizing the triangular 
unit pattern, the electron beams are scanned in the 
three directions F, to F 3 respectively perpendicular to 
the three edges of the triangle. By this method, the 
pure circular spot diameter of the electron beam can 
be accurately measured. This method also permits a 
measurement of longer and shorter axes of an elliptic 
spot causing astigmatism. 

Now, it is assumed that for respective unit pat- 
terns Pi to P 5 forming the random unit pattern, the 
electron beams B1 to B 5 respectively having different 
spot diameters are irradiated. The scanning direction 
is set to Fi. The differentiation curves of beam cur- 
rents of respective unit patterns are shown in Fig. 
35(c). Li shows the differentiation curve correspond- 
ing to the electron beam B 1a L 2 shows the differentia- 
tion curve corresponding to the electron beam B 2 . 
Similarly, with respect to the electron beams B 3 to B 5 , 
the differentiation curves L 3 to l_5 are obtained. 

Comparing these curves Li to L 5 , the curve L5 cor- 
responding to the electron beam B 5 having the small- 
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est diameter has a minimum width and the highest 
peak. Conversely, for the L4 corresponding to the 
electron beam B 4 having the largest spot diameter, 
the width attains maximum value and the peak attains 
the lowest value. The differences between the curve 5 
L 5 corresponding to the minimum diameter and other 
curves Li - L4 correspond to the differences of the spot 
diameters. Accordingly, by utilizing such a difference 
in the curves, the correction values for the spot diam- 
eters for respective electron beams can be derived. 10 

On the other hand, as can be seen from Fig. 
35(b), the beam axis (spot center) of the electron 
beam B 4 is slightly offset from the center of the oblique 
edge. Accordingly, by using such an offset amount of 
peak position, the correction value for the offset of the 15 
beam axes for a respective electron beam can be de- 
rived. 

As the unit pattern, it is possible to use the stencil 
type pattern with openings. In such a case, it is desir- 
able to provide current measuring devices, such as 20 
Farady cups beneath the openings. 

Furthermore, as the above-mentioned circuit C|, 
it is also preferable to use a variable power source de- 
vice, such as a voltage regulator circuit, a programma- 
ble power source or so forth. In the former case, the 25 
correction value for the spot diameter or the beam 
axis offset is provided for the reference voltage, and 
in the latter case, the correction value is provided for 
the program input 

Furthermore, in the case that the subject of cor- 30 
rection is an electromagnetic type, the above- 
mentioned circuit C r becomes the current source. In 
such a case, using a resistance division, the current 
from the current source is appropriately divided. 
Namely, in the shown embodiment, the diameter and 35 
configuration of a respective beam can be indepen- 
dently measured so that the voltage or current to be 
applied to the electrode can be adjusted based on the 
result thereof, thereby making it possible to adjust the 
beam diameters of the electron beams substantially 40 
equal to each other. 

In the above embodiment, a resistor network is 
used for precisely controlling the supplied voltage to 
the converging electrode but in the present invention, 
another switching means comprising a plurality of 45 
transistors also can be used as an alternative device 
instead of the resistor network. 

Fig. 44 shows a switching means comprising a 
plurality of transistors TR1, TR2, TR3 and TR4, which 
can be used as a device for precisely controlling the 50 
supplied voltage to the converging electrode Edi. 

Although in the previous embodiment, the control 
thereof can be carried out by cutting or connecting the 
resistor or resistors in the resistor network, in this em- 
bodiment, the control thereof can be carried out by 55 
controlling each one of these transistors in ON/OFF 
condition, respectively. 

A digital-analog converter can be used as a typi- 



cal type of this switching means and one of the rep- 
resentative circuit construction thereof is shown in 
Fig. 45 which is called as weighing constant current 
typed digital-analog converter. 

In this circuit, the input terminals thereof comprise 
four bits B1 to B4 and thus the controlling operation 
can be carried out by applying any one of the control 
signals 1 or 0, respectively and accordingly the output 
thereof will be as follows; 

VO = R!(B1/2 + B2/2 2 + B3/2 3 + B4/2 4 ) 

Since there is an upper limit in the bit number in 
a DAC in practical use, the range of correction can be 
limited when the resolution is set excessively high. 
Therefore, it is desirable to use the adjustment by 
means of a DAC in combination with an adjustment by 
resistor. By this, a fine adjustment capability while 
maintaining a large adjustment range can be realized. 

Further, in the present invention as explained in 
above embodiment, the adjusting the beam configur- 
ation can be carried out in real-time base and thus Fig. 
46 shows one example of a controlling circuit for ad- 
justing the beam configuration in real-time base. 

The circuit comprises a signal discriminating por- 
tion 46-1 which corresponds to the signal discrimina- 
tion portion 354 as shown in Fig. 20, a al analog-digital 
converters 46-2 and diginal-analog converters 46-5, 
a memory means 46-3, a processing means 46-4, and 
a plurality of lens electrodes 46-7. 

In this circuit, when the signals output from each 
one of the detectors is discriminated by the signal dis- . 
criminating portion 354 and then each one of the sig- 
nal wave forms as shown in Fig. 35 is digitized by the 
analog-digital converter 46-2 and stored in the mem- 
ory means 46-3. 

After that the processing means 46-4 processes 
the stored data to output a controlling data for adjust- 
ing the voltage of the conversion lens and it is output 
to the digital-analog converter 46-7 provided on a 
substrate from which an analog controlling data is out- 
put to the lens electrode. 

In the present invention, the variation of the de- 
flection can also adjusted utilizing the above circuit. 

As can be appreciated, according to the shown 
embodiment since the characteristics of a plurality of 
electron beams can be independently adjusted, the 
characteristics of the overall electron beams can be 
precisely unified to avoid a fluctuation of the spot di- 
ameters, an offset of the beam axes of a fluctuation 
of the deflection angles. 

In addition, the shown embodiment can effective- 
ly avoid interference of the backscattered electron be- 
tween adjacent irradiating regions. Or, as an alterna- 
tive, the degradation of the S/N ratio due to interfer- 
ence of the reflected beams from the adjacent region 
can be successfully compensated for with the follow- 
ing embodiment 

Namely, in order to improve the S/N ratio, the 
fourth aspect according to the invention is constructed 
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as shown in Fig. 42. The shown embodiment of the 
pattern inspection apparatus according to the present 
invention includes a plurality of electron emitters ar- 
ranged in a matrix fashion, each of which has a fine 
electrode with sharply headed tip end. a gate sur- 5 
rounding the tip end of the fine electrode, a converg- 
ing electrode, a deflection electrode and a detector 
provided for each of the electron emitters, in which 
electron beams are simultaneously irradiated on the 
surface of the sample from the electron emitters par- 10 
allel to each other; the backscattered electron or the 
secondary electron from the surface of the sample is 
caught by a detecting surface of each detector. Based 
on the amount of the backscattered electrons or sec- 
ondary electrons, the condition of the surface of the 15 
sample is inspected. A mask having an opening with 
a predetermined internal diameter is arranged so that 
the center of the opening is aligned with the axis of the 
electron beam, at a position between the surface of 
the sample and the detecting surface of the detector 20 
and is determined based on the distance from the sur- 
face of the sample to the detecting surface and the 
size of the detecting surface. 

The practical construction of the shown embodi- 
ment will be discussed with reference to Fig. 35. 25 

In Fig. 42(a), the reference numeral 610 denotes 
an electron beam injected from one of a plurality of 
electron emitters; 61 1 denotes an electron beam emit- 
ted from the adjacent electron emitter. The two elec- 
tron beams 610 and 61 1 as typically illustrated are ir- 30 
radiated to two points P, and P 2 mutually distanced by 
a distance L f simultaneously. Then, the electron (or 
secondary electron) are emitted from the points P^ or 
P* 

The reference numerals 61 3 and 61 4 denotes de- 35 
tectors provided in the vicinity of the outlets of the 
electron beams 610 and 611. These detectors 613 
and 614 catch the backscattered electrons or the sec- 
ondary electrons of corresponding electron beam on 
the surface having the given area to output the electric 40 , 
signal proportional to the amount of electrons caught. 

Here, between the detectors 61 3 and 614 and the 
sample 612, there is provided a mask 615 with the 
openings. The mask 615 is formed with an opening in 
a numberof circular openings (for example, nine 615a 45 
to 61 5i) corresponding to the number of the electron 
beams. The center of each circular opening (for exam- 
ple, 615a and 615b) is precisely aligned with the axis 
of the corresponding electron beams (for example 
610 and 611). so 

The preferred position of the mask 615 with the 
openings is derived through the following manner. 
Namely, assuming that the distance from the surface 
of the sample 612 to the detectors 613 and 614 is h, 
the distance from the surface of the sample 612 to the 55 
mask 61 5 is y, the radius (corresponding to the size 
of the detecting surface) of the detecting surface of 
the detectors 613 and 614 is a, the radius of the open- 



ings 615a to 6151 of the mask is x, the distance be- 
tween the irradiating points P t and P 2 of the electron 
beams is L, the position of the mask 615 is selected 
so that the values of x and y satisfy that x/a or y/h is 
in a range of 1.0 to 0.5 and a/L is in a range of 0 to 
0.5 (refer to Fig. 42C). 

For example, when the distance between the de- 
tectors 613 and 614 is substantially 0, a/L becomes 
0.5. Therefore, in such a case, the preferred position 
of the mask 615 is determined so that x/a or y/h be- 
comes 0.5. Therefore, the position of the mask 615 is 
selected to place the circular opening having a radius 
x being approximately one half of the radius x of the 
detecting surface at approximately an intermediate 
position (y/h = 0.5) of the distance between the sur- 
face of the sample 612 and the detectors 613 and 61 4. 

It should be appreciated that Fig. 42(a) shows an 
example for the case where a/L = x/a = y/h = 0.5. In 
the shown example, the backscattered electron 616 
backscattered from the point P 1 toward the detector 
613 and the backscattered electron 617 backscat- 
tered from the point P 2 toward the detector 614 can 
pass through the circular openings 615a and 615b. 
However, the backscattered electron from the adja- 
cent irradiating region, such as the backscattered 
electron 618 backscattered from the point toward 
the detector 614, is blocked by the non-opening por- 
tion of the mask 61 5. Accordingly, with the shown em- 
bodiment, entry of the backscattered electron from 
the adjacent irradiating region to the detector can be 
positively eliminated to enhance the accuracy of de- 
tection. 

Next, a fifth embodiment of the present invention 
will be discussed. The fifth embodiment is illustrated 
in Fig. 36, in which, the shown embodiment of the pat- 
tern inspection apparatus comprises a plurality of 
electron emitters arranged in a matrix fashion; each of 
the electron emitters include a fine electrode with a 
sharp headed tip end and a gate surrounding the tip 
end of the fine electrode, a converging electrode, a 
deflection electrode and a detector provided for each 
of the electron emitters. The electron beams are emit- 
ted from the electron emitters simultaneously and par- 
allel to each other and irradiate the surface of the sam- 
ple. The backscattered electron or the secondary 
electron are caught by the detecting surface of the de- 
tectors with respect to each of the electron beams. 
Based on the amount of the backscattered electrons 
or the secondary electrons, caught the condition of 
the surface of the sample is inspected. A plurality of 
tin tubes having a predetermined length are provided 
in the orientation aligning the longitudinal axes there- 
of parallel to the axes of the electron beams. 

In the practical construction, as shown in Fig. 36, 
a bunch of thin tubes is arranged in the vicinity of all 
the detectors (only shown 620 and 621 in the draw- 
ing). As said tin tube, a lead glass tube of 20 u.m<|>, 
which is used in an electron multiplierfor MPC (micro- 
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channel plate) or so forth, is available. In the electron 
multiplier, the tube is slightly inclined relative to the 
axis of the electron beam so that the electrons collide 
on the inner periphery of the tube to provide energy 
corresponding to the potential of the inner wall for the 5 
backscattered electron. Conversely, in the shown em- 
bodiment, the tubes are provided precisely in align- 
ment with the axis of the electron beam and no poten- 
tial is provided for the inner wall. 

With such an arrangement, the electron beams 10 
(typically 623, 624) can be irradiated on the sample 
625 without any interference. On the other hand, only 
the backscattered electron having a reflecting angle 
smaller than or equal to a given angle is permitted to 
pass through the tube. Therefore, the backscattered 15 
electron from the adjacent irradiating region (which 
has too large a reflection angle) will never enter the 
tube. Therefore, interference of the backscattered 
electron from the adjacent irradiating region can be 
positively prevented. As can be appreciated, the re- 20 
flection angular range to permit passing through the 
tube can be easily adjusted by selecting the diameter 
and length of the tubes. 

Fig. 37 shows the sixth embodiment of the inven- 
tion, in which the shown embodiment of the pattern in- 25 
spection apparatus comprises a plurality of electron 
emitters arranged in a matrix fashion; each of the 
electron emitters includes a fine electrode with sharp 
headed tip end and a gate surrounding the tip end of 
the fine electrode, a converging electrode, a deflec- 30 
tion electrode and a detector provided for each of the 
electron emitters. The electron beams are emitted 
from the electron emitters simultaneously and parallel 
to each other and irradiate the surface of the sample. 
The backscattered electron or the secondary-electron 35 
are caught by the detecting surface of the detectors 
632 with respect to each electron beam 630. Based 
on the amount of the backscattered electrons or the 
secondary electrons, caught the condition of the sur- 
face of the sample is inspected. The detectors are ar- 40 
ranged between the converging and deflecting elec- 
trodes and the electron emitter. 

Namely, as shown in Fig. 37, the detector 632 is 
positioned between the electron lens system, such as 
the converging electrode 630 or the deflection elec- 45 
trode 631 and the electron emitter. 

With such construction, the backscattered elec- 
tron 634 from the focus point of . the electron lens sys- 
tem is deflected to be substantially parallel to the elec- 
tron beam 635 in the principle of the convex lens and so 
thus can easily reach the detector 632. Conversely, 
the backscattered electron 636 from the focus point of 
the adjacent electron lens system intersects with the 
axis of the electron beam 635 so as not to reach the 
detector 632. Therefore, with the shown arrangement, 55 
the precision in detection can be enhanced. 

Figs. 38 to 41 show the seventh embodiment of 
the invention in which the shown embodiment of the 



pattern inspection apparatus comprises a plurality of 
electron emitters arranged in a matrix fashion; each of 
the electron emitters includes a fine electrode with 
sharp headed tip end and a gate surrounding the tip 
end of the fine electrode, a converging electrode, a 
deflection electrode and a detector provided for each 
of the electron emitters. The electron beams are emit- 
ted from the electron emitters simultaneously and par- 
allel to each other and irradiate the surface of the sam- 
ple. The backscattered electron or the secondary 
electron are caug ht by the detecting surface of the de- 
tectors with respect to each electron beam. Based on 
the amount of the backscattered electrons or the sec- 
ondary electrons, caught the condition of the surface 
of the sample is inspected. The detected value of one 
of the detectors is processed by subtracting a value 
derived by multiplying respective signals of a plurality 
of surrounding detectors by a predetermined coeffi- 
cient. 

As shown in Fig. 38, the reference numerals 651 
to 659 denote detectors provided corresponding to 
each electron emitter arranged in a matrix array. The 
detectors 651 to 659 are arranged in regular fine in- 
tervals. The detection signals PS 651 to PS e59 are pro- 
vided to the signal processing section 660. The signal 
processing section 660 effects a predetermined sig- 
nal processing to output corrected detection signals 
SS 651 to SS359. 

Fig. 39 is an illustration showing one embodiment 
of the pattern inspection apparatus according to the 
invention; 

Here, considering two adjacent detectors (for ex- 
ample, detectors 651 and 652 of Fig. 38), one of the 
detectors (for example 652) catch the backscattered 
electron 662 of the electron beam 661 from its own 
electron beam generating source and also catches 
the backscattered electron 664 of the electron beam 
663 from the electron beam generating source corre- 
sponding to the adjacent detector 651. Then, by the 
presence of the backscattered electron 664, the S/N 
ratio of the detector 652 is degraded. The S/N ratio of 
the detector 652 can be further degraded by the influ- 
ence of a plurality of adjacent electron beams. 

The detection signals PS 651 and PS^ of the de- 
tectors 651 and 652 are expressed by the following 
equations: 

PSssi = SS 65 i + N 652 (1) 
PS^ = SS^ + N 651 (2) 
where SS 651 is a value corresponding to the 
amount of backscattered electrons 665 of the electron 
beam 663, and SS^ is the value corresponding to the 
amount of backscattered electrons 662 of the electron 
beam 661, the values of which are the true values to 
be detected. N 651 is the amount of backscattered elec- 
trons 664 of the electron beam 663 and Nes 2 is the 
amount of electrons (not shown) of the electron beam 
661, the values of which serve as causes for degra- 
dation of the S/N ratio by superimposing on the true 
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values. 

N 651 is proportional to the amount SS 95t of the 
backscattered electron 665, as expressed by the fol- 
lowing equation (3), and N 6 5 2 is proportional to the 
amount SS 6S2 of the backscattered electron 662, as 5 
expressed by the following equation (4). Namely, N 051 
and N a52 will increase according to an increase in the 
backscattered electrons 665 and 662. 

N 651 = k • SSes! (3) 

N 662 = k ■ SSssi (4) 10 

k in the foregoing equations (3) and (4) is a coef- 
ficient between N 651 and SS 651 and between N 852 and 
SS 652 . The amount of this coefficient k is determined 
according to the positional relationship between the 
detectors 651 and 652. For instance, then two detec- 15 
tors 651 and 652 are closely arranged, the k becomes 
large, and when distanced, k becomes smaller. It 
should be noted that the coefficient between N^t and 
SS 651 is not coincident with that between N 652 and 
SS 652 , in the strict sense because of tolerances of the 20 
detectors. However, using a typical coefficient k de- 
rived on the basis of the average design data of the 
distance between the detectors and the size of the de- 
tecting surfaces will not create a problem. 

Here, from the foregoing equations (1) and (2), 25 
the following equations (5) and (6) can be established. 

PSssi = (1 - k2) • SSqs! + k • PSs5 2 (5) 

PS^ = (1 - kq-SSm + k-PSesi (6) ' 

Since k is less than 1, 
PS 65 i ~ SS 651 + k ■ PS^ .-. SSss! ~~ PSesi - k . 30 
PSes2 (7) 

PSfts 2 **- SS^ + k • PSesi .*. SS 652 — PS 652 - k • 
PS 65 1 (8) 

Accordingly, in order to' obtain the true signal 
SS 651 by removing the noise component Nes^Aom the 35 
detection signal PS 651 of the detector 651 , the value 
is derived by multiplying the detection signal value 
ps 652 of tne detector 652 by the coefficient k from the 
detection signal PS^ of the detector 651. similarly, in 
order to obtain the true signal SS 652 by removing the 40 
noise component N^i from the detection signal PS^ 
■of the detector 652, the value is derived by multiplying 
the detection signal value PS^ of the detector 651 by 
the coefficient k from the detection signal PS 652 of the 
detector 652. 45 

Fig. 40 is a block diagram showing a circuit for 
performing the foregoing subtraction process. In this 
example, as shown in Fig. 40(a), the shown embodi- 
ment of the circuit comprises two subtracters 670 and 
671, and two multipliers 672 and 673. The multiplier so 
673 multiplies the detection signal PS A by a coefficient 
k A . The subtractor 671 subtracts the product obtained 
by the multiplier 673 from the detection signal PS B to 
derive the true detection signal SS B . Similarly, the 
multiplier 672 multiplies the detection signal PS B by a 55 
coefficient ke- The subtractor 670 subtracts the prod- 
uct obtained by the multiplier 672 from the detection 
signal PS A to derive the true detection signal SS A . In 



the preferred construction as shown in Fig. 40b, the 
subtractors are formed by operational amplifiers 680 
and 681. The Inverting inputs (-) of the operational 
amplifiers 680 and 681 are input via resistors R A and 
R B between respective inverting inputs (-) and the de- 
tection signal input terminals 682, 683; variable resis- 
tors VR A and VR B may be connected. By disposing 
the variable resistors VR A and VR B , the coefficients 
(k A , k B ) can be set freely. 

In the foregoing example, discussion has been 
provided for the case that two detection signals are 
processed. However, in the practical implementation 
of pattern inspection apparatus according to the pres- 
ent invention, a greater number of detection signals 
have to be processed. 

For example, Fig. 38 shows the example in which 
9 detectors 651 to 659 are provided. In this example, 
several groups are formed with the detectors having 
a positional relationship to have equal coefficients 
with respect to the specific detector (for example, de- 
tector 655 of Fig. 38) for which the true detection sig- 
nal is to be obtained. In the shown example, the de- 
tectors 652, 654. 656 and 658 form one group that will 
be hereafter referred to as group a, and the detectors 
651, 653, 657 and 659 form another group hereafter 
referred to as group p. The detection signals of the de- 
tectors in each group are summed. The sum thus cal- 
culated is multiplied with the coefficient common for 
the detectors in the group. Namely, in the shown case, 
the sum of the detection signals in the group a is mul- 
tiplied by the coefficient ka. The product thus derived 
is subtracted from the detector signal PS^ of the de- 
tector 655 to derive the true detector signal value. 
This process is expressed by the following equation 
(9): 

SSess = PSess - ka - ZPSa - kp . ZPSp (9) 
where XPSa = PS 652 + PS** + PS 65 e + PS^ 
ZPSp = PS^ + PSesa + PSesz + PSesg 

Namely, in the foregoing equation (9), the com- 
mon equations ka and kp are used for the detector 
signals of the detectors positioned respectively at 
equal distance from the specific detector, for which 
the true detection signal SS^ is to be derived. 

If different coefficients are used, the following 
equation (10) is established: 

SSe55 = PSe55 " k 661 _ 6 55 ■ P§651 " ^652-655 • PSe52 - 
ke53-655 • P S 653 - ^54^55 • PS^ ... - kesa-ess • 

PS*59 (10) 

Note, the suffix, such as 651-655 represents the 
coefficient between the detectors 651 and 655. 

Further discussion will be provided about the en- 
hancement of the S/N ratio with reference to Fig. 41. 
The detection signal in the case of no pattern, at which 
the backscattered electron from the irradiating region 
is minimum, is illustrated by a single bar graph 690. 
Conversely, the detection signal in the case that the 
pattern is present and thus the amount of the back- 
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scattered electron is large, is illustrated by a double 
line graph 691. In addition, the hatched areas of the 
bar graph represent the true detection signal values 
and respectively expressed by S 0 ff (pattern absent) 
and Sqn (pattern present). 5 

Now, consideration is provided for the case that 
the pattern is present. In this case, assuming that the 
backscattered electron of the adjacent electron beam 
is zero, the signal S 0 n corresponding to the hatched 
portion of the bar graph 691 (or 692), namely the true 10 
detection signal, can be obtained when the backscat- 
tered electron of the adjacent electron beam is includ- 
ed in the detection signal as the noise component. In 
this case, when all of the adjacent irradiating regions 
have patterns, the maximum noise component (N max ) 15 
should be superimposed on the true detection signal. 
On the other hand, when all of the adjacent irradiating 
regions have no patterns, the minimum noise compo- 
nent (N m i n ) is superimposed on the true detection sig- 
nal. The following equation expresses the S/N ratio of 20 
the case of Fig. 41. 

S/N = (Son - S OFF )/(S ON + M N" - S ON ) (11) 

In the foregoing equation "N" is to be replaced for 
Nmax to N mln . The greater N value will degrade the S/N 
ratio. Therefore, by setting an optimum coefficient k (it 25 
is desirable to vary depending upon the presence and 
absence of the pattern) with respect to the adjacent 
beams to subtract the product (k • S ON ) of the coeffi- 
cient k and the detection signal value of the adjacent 
beam from the detection signal value to compensate 30 
for the noise component, the S/N ratio can be en- 
hanced. 

It should be noted that the electron beam scan- 
ning device is applicable not only to the electron beam 
drawing system and electron beam inspection- system 35 
but also to a plane display system or a wide variety of 
electron beam utilizing products. 

With the foregoing embodiment, the interference 
of backscattered electrons of adjacent beams can be 
positively prevented or successfully compensated for 40 
to obtain an enhanced S/N ratio. 

Although the invention has been illustrated and 
described with respect to an exemplary embodiment 
thereof, it should be understood by those skilled in the 
art that the foregoing and various other changes, 45 
omissions and additions may be made therein and 
thereto, without departing from the spirit and scope of 
the present invention. Therefore, the present inven- 
tion should not be understood as limited to the specific 
embodiment set out about but includes all possible so 
embodiments that are within the scope encompassed 
and equivalents thereof with respect to the features 
set out in the appended claims. 



Claims 

1 . A pattern inspection apparatus comprising: 



electron beam generating means including 
an electron gun for generating at least one elec- 
tron beam accelerated, and converged into a pre- 
determined diameter and irradiating an inspect- 
ing sample; 

movable support means for supporting 
said inspecting sample; 

detecting means including a plurality of 
electron detecting elements arranged on a plane 
for detecting an electron containing a construc- 
tion information of said inspecting sample; and 

signal processing means for processing 
information output from respective said electron 
detecting elements of said detecting means si- 
multaneously or in parallel formation. 

2. A pattern inspection apparatus as set forth in 
claim 1, wherein said electron beam generating 
means includes a plurality of electron guns simul- 
taneously generating electron beams. 

3. A pattern inspection apparatus as set forth in 
claim 2, wherein said plurality of electron beams 
irradiate a plurality of irradiating regions on said 
inspecting sample. 

4. A pattern inspection apparatus as set forth in 
claim 1, wherein said electron beam generating 
means has a drive means for driving said electron 
beam generating means per se within a plane 
parallel to a surface of said inspecting sample. 

5. A pattern inspection apparatus as set forth in 
claim 1, wherein said detecting means includes 
said plurality of electron detecting elements ar- 
ranged in parallel relationship with a plane of said 
inspection sample and in alignment in one dimen- 
sional direction. 

6. A pattern inspection apparatus as set forth in 
claim 1, wherein said detecting means includes 
said plurality of electron detecting elements ar- 
ranged in parallel relationship with a plane of said 
inspection sample and in alignment in two dimen- 
sional directions. 

7. A pattern inspection apparatus as set forth in 
claim 1, wherein said detection signal processing 
means includes a processing means for perform- 
ing an image processing for said detected infor- 
mation. 

8. A pattern inspection apparatus as set forth in 
claim 1, wherein a plurality of said electron beam 
generating means are formed in predetermined 
common or different semiconductor substrates, 
to which at least an electron emitter, a converging 
electrode and a deflection electrode are formed in 
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laminating fashion. 

9. A pattern inspection apparatus as set forth in 
claim 2, wherein respective said electron beams 

are formed into pulses respectively having differ- 5 
ent periods. 

10. A pattern inspection apparatus as set forth in 
claim 2, wherein said electron beams are formed 

into pulses having mutually different pulse widths. 10 

11. A pattern inspection apparatus as set forth in 
claim 2, wherein said electron beams are modu- 
lated electron beams modulated by modulation 
signals having mutually distinct signal patterns. 15 

12. A pattern inspection apparatus as set forth in 
. claim 9, wherein said detecting means corrects 

information relating to the construction of said in- 
specting sample irradiated by said electron beam 20 
in synchronism with pulse periods of respective 
electron beams. 

13. A pattern inspection apparatus as set forth in 
claim 10, wherein said detecting means detects 25 
respective the pulse widths of said electron 
beams and processes information relating to the 
construction of said inspecting sample irradiated 

by said electron beams. 

30 

14. A pattern inspection apparatus as set forth in 
claim 11, wherein said detecting means detects 
the pulse widths of modulated electron beams 
and processes information relating to the con- 
struction of said inspecting sample irradiated by 35 
said electron beams. 

15. A pattern inspection apparatus as set forth in 
claim 11, wherein said signal processing means 
processes said respective electron beams 40 
formed into pulses having mutually different pulse 
widths in a time division multiplexing manner. 

16. A pattern inspection apparatus as set forth in 
claim 13, wherein said signal processing means 45 
includes an electron flow detecting means and a 
signal discriminating means for discriminating in- 
formation relating to the construction at respec- 
tive said irradiating regions from the output signal 

of said electron flow detecting means using said 50 
modulation signal as a reference signal. 

17. A pattern inspection apparatus as set forth in 
claim 15 that further comprises an electron beam 
scanning means comprising an electrostatic de- 55 
flection electrode. 

18. A pattern inspection apparatus as set forth in 



claim 17, wherein said electron beam scanning 
means includes a mechanical scanning means 
for shifting at least one of the electron beam gen- 
erating means and said inspecting sample. 

19. A pattern inspection apparatus as set forth in 
- claim 18, wherein said mechanical scanning 

means includes a fine shifting stage that is shifted 
at least one direction by the actuation of a piezo- 
electric oscillator. 

20. A pattern inspection apparatus as set forth in 
claim 1, wherein said electron beam generating 
means comprises an electron beam emitting 
means for uniformly emitting an electron beam 
within a predetermined range, fine openings ar- 
ranged opposite respective irradiating range of 
said inspecting sample for introducing an electron 
beam from said electron emitting means, and a 
converging electrode for converging a respective 
introduced electron beam. 

21. A pattern inspection apparatus as set forth in 
claim 11, wherein said modulation signals are 
pulse signals having a mutually different pulse 
widths and mutually identical repeating periods. 

22. A pattern inspection apparatus as set forth in 
claim 11, wherein said modulation signals are 
pulse signals having mutually identical repeating 
periods and mutually different pulse peak timings. 

23. A pattern inspection apparatus comprising: 

a plurality of electron emitters arranged on 
a common substrate or a plurality of individual 
substrates arranged on the same plane; each 
electron emitter comprising: 

an extracting electrode for extract- 
ing charged particle beams having a beam cur- 
rent corresponding to an electrode voltage from 
said electron emitter; 

a converging electrode or a con- 
verging coil providing a converging ratio for said 
charged particle beam corresponding to an elec- 
trode voltage or an energization current; 

optionally provided with a deflection 
electrode or a deflection coil providing a deflec- 
tion angle for said charged particle beam corre- 
sponding to an electrode voltage or an energiza- 
tion current 

detectors for detecting all of or part of re- 
spective said secondary electron or backscat- 
tered electron from the surface of an inspection 
sample exposed to the converged and deflected 
charged particle beam or transmission electron 
passing through said inspecting sample; and 

adjusting means for adjusting all of or part 
of respective said electrode voltages orenergiza- 
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tion voltages to be applied to said extraction elec- 
trode, said converging electrode or converging 
coil, and said deflection electrode or deflection 

coil. 

5 

24. A pattern inspection apparatus as set forth in 
claim 23, wherein said adjusting means selective- 
ly adjusts the breaking and connecting of respec- 
tive elements perse or wiring connected said ele- 
ments of a resistor network. 10 

25. A pattern inspection apparatus as set forth in 
claim 24, wherein said elements of said resistor 
network comprise transistors. 

15 

26. A pattern inspection apparatus as set forth in 
claim 23 that further comprises an arithmetic 
means for measuring fluctuation spot diameters 
or deflection angles of charged particle beams af- 
ter convergence and deflection on the basis of the 20 
signal from said detector, and calculating correc- 
tion amount for correcting all of or part of respec- 
tive said electrode voltages or energization cur- 
rents of said extraction electrode, said converg- 
ing electrode or converging coil and said deflec- 25 
tion electrode or deflection coil. 

27. A pattern inspection apparatus comprising: 

a plurality of electron emitters each includ- 
ing a fine electrode having a sharp headed tip end 30 
and a gate surrounding said tip end; said electron 
emitters being arranged in the form of a matrix; 

a converging electrode, an optional deflec- 
tion electrode and a detector provided for each of 
said electron emitters; - ----- 35 

said electron emitters irradiating electron 
beams parallel to each other and simultaneously 
on an inspecting sample; 

said detector catching a backscattered 
electron or a secondary electron from the surface 40 
of said inspecting sample with respect to each of 
said electron beams at detection surfaces; 

inspection of the condition of the surface of 
said inspecting sample is performed on the basis 
of the amount of caught backscattered electron or 45 
caught secondary electron, and 

a mask having openings having predeter- 
mined internal diameters and arranged to align 
the center thereof with the axes of said electron 
beams at a position between the surface of said so 
inspection sample and said detection surfaces 
and distanced from said surface of said inspect- 
ing sample and said detecting surface in a mag- 
nitude derived based on the distance between 
said surface of said inspecting sample and said 55 
detecting surface and the size of said detecting 
surface. 



. 28. A pattern inspection apparatus comprising: 

a plurality of electron emitters, each includ- 
ing a fine electrode having a sharp headed tip end 
and a gate surrounding said tip end; said electron 
emitters being arranged in the form of a matrix; 

a converging electrode, an optional deflec- 
tion electrode and a detector provided for each of 
said electron emitters; 

said electron emitters irradiating electron 
beams parallel to each other and simultaneously 
on an inspecting sample; 

said detector catching a backscattered 
electron or a secondary electron from the surface 
of said inspecting sample with respect to each of 
said electron beams at detection surfaces; 

inspection of the condition of the surface of 
said inspecting sample is performed on the basis 
of the amount of caught backscattered electrons 
or caught secondary electrons, and 

a plurality of thin tubes respectively having 
a predetermined length being arranged so that 
the longitudinal axes of said thin tubes extend 
parallel to the beam axes of said electron beams. 

29. A pattern inspection apparatus comprising: 

a plurality of electron emitters, each includ- 
ing a fine electrode having a sharp headed tip end 
and a gate surrounding said tip end; said electron 
emitters being arranged in the form of a matrix; 

a converging electrode, an optional deflec- 
tion electrode and a detector provided for each of 
said electron emitters; 

said electron emitters irradiating electron 
beams parallel to each other and simultaneously 
on an inspecting sample; 

said detector catching a backscattered 
electron or a secondary electron from the surface 
of said inspecting sample with respect to each of 
said electron beams at detection surfaces; 

inspection of the condition of the surface of 
said inspecting sample is performed on the basis 
of the amount of caught backscattered electrons 
or caught secondary electrons, and 

said detecting beam arranged between 
said converging and deflecting electrodes and 
said electron emitters. 

30. A pattern inspection apparatus comprising: 

a plurality of electron emitters, each includ- 
ing a fine electrode having a sharp headed tip end 
and a gate surrounding said tip end; said electron 
emitters being arranged in the form of a matrix; 

a converging electrode, an optional deflec- 
tion electrode and a detector provided for each of 
said electron emitters; 

said electron emitters irradiating electron 
beams parallel to each other and simultaneously 
on an inspecting sample; 
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said detector catching a backscattered 
electron or a secondary electron from the surface 
of said inspecting sample with respect to each of 
said electron beams at detection surfaces; 

inspection of the condition of the surface of 5 
said inspecting sample is performed on the basis 
of the amount of caught backscattered electrons 
or caught secondary electrons, and 

the detection value of one of the specific 
detectors being corrected by subtracting a value 10 
derived by multiplying a predetermined coeffi- 
cient for signals indicative of detection values of 
a plurality of other detectors position around said 
specific detector for which a porrection of the de- 
tection value is made, from the output of said spe- 15 
cific detector. 

31. An electron beam apparatus comprising: 

a plurality of electron emitters arranged on 
a common substrate or a plurality of individual 20 
substrates arranged on the same plane; each 
electron emitter comprising: 

an extracting electrode for extract- 
ing charged particle beams having a beam cur- 
rent corresponding to an electrode voltage from 25 
said electron emitter; 

a converging electrode or a con- 
verging coil providing a converging ratio for said 
charged particle beam corresponding to an elec- 
trode voltage or an energization current 30 

optionally provided with a deflection 
electrode or a deflection coil providing a deflec- 
tion angle for said charged particle beam corre- 
sponding to an electrode voltage or an energiza- 
tion current 35 

detectors for detecting all of or part of re- 
spective said secondary electron or backscat- 
tered electron from the surface of an inspection 
sample exposed to the converged and deflected -\ 
charged particle beam or transmission electron 40 
passing through said inspecting sample; and 

adjusting means for adjusting all of or part 
of respective said electrode voltages or energiza- 
tion voltages to be applied to said extraction elec- 
trode, said converging electrode or converging 45 
coil, and said deflection electrode or deflection 
coil. 

32. An electron beam apparatus comprising: 

a plurality of electron emitters each includ- so 
ing a fine electrode having a sharp headed tip end 
and a gate surrounding said tip end; said electron 
emitters being arranged in the form of a matrix; 

a converging electrode, an optional deflec- 
tion electrode and a detector provided for each of 55 
said electron emitters; 

said electron emitters irradiating electron 
beams parallel to each other and simultaneously 



on an inspecting sample; 

said detector catching a backscattered 
electron or a secondary electron from the surface 
of said inspecting sample with respect to each of 
said electron beams at detection surfaces; 

inspection of the condition of the surface of 
said inspecting sample is performed on the basis 
of the amount of caught backscattered electron or 
caught secondary electron, and 

a mask having openings having predeter- 
mined internal diameters and arranged to align 
the center thereof with the axes of said electron 
beams at a position between the surface of said 
inspection sample and said detection surfaces 
and distanced from said surface of said inspect- 
ing sample and said detecting surface in a mag- 
nitude derived based on the distance between 
said surface of said inspecting sample and said 
detecting surface and the size of said detecting 
surface. 

33. ' An electron beam apparatus comprising: 

a plurality of electron emitters, each includ- 
ing a fine electrode having a sharp headed tip end 
and a gate surrounding said tip end; said electron 
emitters being arranged in the form of a matrix; 

a converging electrode, an optional deflec- 
tion electrode and a detector provided for each of 
said electron emitters; 

said electron emitters irradiating electron 
beams parallel to each other and simultaneously 
on an inspecting sample; 

said detector catching a backscattered 
. electron or a secondary electron from the surface 
of said inspecting sample with respect to each of 
said electron beams at detection surfaces; 

inspection of the condition of the surface of 
said inspecting sample is performed on the basis 
of the amount of caught backscattered electrons 
or caught secondary electrons, and 

a plurality of thin tubes respectively having 
a predetermined length being arranged so that 
the longitudinal axes of said thin tubes extend 
parallel to the beam axes of said electron beams. 

34. An electron beam inspection apparatus compris- 
ing: 

a plurality of electron emitters, each includ- 
ing a fine electrode having a sharp headed tip end 
and a gate surrounding said tip end; said electron 
emitters being arranged in the form of a matrix; 

a converging electrode, an optional deflec- 
tion electrode and a detector provided for each of 
said electron emitters; 

said electron emitters irradiating electron 
beams parallel to each other and simultaneously 
on an inspecting sample; 

said detector catching a backscattered 
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electron or a secondary electron from the surface 
of said inspecting sample with respect to each of 
said electron beams at detection surfaces; 

inspection of the condition of the surface of 
said inspecting sample is performed on the basis 5 
of the amount of caught backscattered electrons 
or caught secondary electrons, and 

said detecting beam arranged between 
said converging and deflecting electrodes and 
said electron emitters. 10 

35. An electron beam apparatus comprising: 

a plurality of electron emitters, each includ- 
ing a fine electrode having a sharp headed tip end 
and a gate surrounding said tip end; said electron 15 
emitters being arranged in the form of a matrix; 

a converging electrode, an optional deflec- 
tion electrode and a detector provided for each of 
said electron emitters; 

said electron emitters irradiating electron 20 
beams parallel to each other and simultaneously 
on an inspecting sample; 

said detector catching a backscattered 
electron or a secondary electron from the surface 
of said inspecting sample with respect to each of 25 
said electron beams at detection surfaces; 

inspection of the condition of the surface of 
said inspecting sample is performed on the basis 
of the amount of caught backscattered electrons 
or caught secondary electrons, and 30 

the detection value of one of the specific 
detectors being corrected by subtracting a value 
derived by multiplying a predetermined coeffi- 
cient for signals indicative of detection values of 
a plurality of other detectors position around said 35 
specific detector for which a correction of the de- 
tection value is made, from the output of said spe- 
cific detector. 



40 



45 



50 



55 



EPO 518 633 A1 




25 



BP 0 518 633 A1 



3(a) 



Fig. 3(b) 



27 




B 
S 



Fig. 3(c) 




26 



EP 0 518 633 A1 




EP 0 518 633 A1 



Fig. 6 



MHHin iiii im 



I TO PARALLEL SIGNAL 
/PROCESSING CIRCUIT 



Fig. 7 




34 



Fig.8 



100 




:lTO PARALLEL SIGNAL 
•J PROCESSING CIRCUIT 



28 



EP 0 518 633 A1 



Fig. 9(a) Fig.9(b) 



Bi B2 B3 Be B N 




Fig.10(a) Fig.10(b) 




^110 

H02^ 100 
b-103 
111 



29 



EP 0 518 633 A1 



Fig. 11 




41 



Fig. 12 



101 




30 



EP 0 518 633 A1 



Fig.13 




Fig. 14 




Fig.15 




2-1 2-2 35 



31 



EP 0 518 633 A1 



Fig. 16 



-51 



N. 



41 1 — Jtt 



\ i 

S 2 




N> 



32 



EP 0 518 633 A1 



Fig. 17 



2-1— 



28 29 ,35 
■~Fh-— * ' 



r — -m 



Ti 



--HrT' 



2-2 



•__,J L__ 




S, 



S 2 



Fig-18 



201 205 206 




204 203 202 



33 



EP 0 518 633 A1 



CD 

cn 

LL 







lo 


■ ^ 






< 


UJ 


LU 


CO 




2: 




0 




TR 




EC 


3 


-j 


0 


oj 


2 



CO 



u5 

lll< 


CO 


DDULATION 
IGNAL 1 


-JLU 
LUGO 


ON BEAM 
riNG MEAN 






2 CO 




ELEC1 
MODUL 








CO 



cr 
F= 
o 

LU 
—J 



34 



EP 0 518 633 A1 




EP 0 51 8 633 A1 



Fig.21(a) 

0 



Fig.21(b) 

0 



Fig.21(c) 



0 



Fig.21(d) . 

0 — « 



Fig.2Ue) 

0 — I 



36 



EPO 518 633 A1 



Fig. 22 



321 



310 




V//////////7A 



37 



EP 0 518 633 A1 



Fig. 23 



317 



481 



482 





318 
322 



ZZZ3~^ 21 

ZZZZ2-423 

3-~332 
£1 304 

zzzn 



402 



38 



EP 0 518 633 A1 



Fig. 24 




304 



39 



EP 0 518 633 A1 




40 



BP 0 518 633 A1 



Fig. 26 



SMALL 


SPOT — T 




LARGE SPOT 


r 


INSPECTING 
SAMPLE \ 






I L DEFECT 




V/////A 









Jl JUDGEMENT n 

V I PVFI v 




CAN BE 
RECOGNIZED 



CANNOT BE 
RECOGNIZED 



Fig. 27 



///A 




IRRADIATING \ 
REGION \ 

\ 
\ 



IRRAD1A 
-TING 
REGJON 



IRRADIATING 
REGION 



OVERLAPPING NOT IRRADIATED 
REGION REGION 



41 



BP 0 518 633 A1 



Fig. 28 



521- 

523- 

524- 

525- 
522- 

529- 
527- 

526- 
528- 
529- 



520 


— -.J 


- -? 


530 












\ 





J 



_ — i r 
1_.J_ 



! VOLTAGE SOURCE 



OR 



■CURRENT SOURCE 



ARITHMETIC j 

MEANS | 
i j 



42 



EP 0 518 633 A1 




43 



EP 0 518 633 A1 




EP O 518 633 A1 



Fig. 31 



531(532 OR 533) 




EP 0 518 633 A1 



Fig. 32(a) 



534 




Fig. 32(b) 



ELECTRON 
BEAM 



., 1 1— T . . 



—,,538 

r-rJ 534 



535 



536 



46 



EP 0 518 633 A1 



F i g . 33 (a) 



B 



I -*Jr~i 



ELECTRON BEAM f" 



I i 
i i 
i i 



i i 



I 



UNIT PATTERN 



Fig. 33(b) 



F i g.33(c) 



LARGE 




LARGE 




47 



EPO 518 633 A1 



Fig. 34(a) 



B C 



4i 

i i 
i i 



^DISCHARGED 
ELECTRON 



LIGHT 
METAL 



HEAVY 
METAL 



Fig. 34(b) 




48 



EPO 518 633 A1 



F ig .35(a) 



UNIT PATTERN 




Fig. 35 ( c ) 



I (-I , |_2 e L3 

MIMA. 



U 



Ls 



49 



EPO 518 633 A1 



Fig. 36 



623 
J 620 



624 
621 



iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiKiiiKiiiiiiiir 



REFLECTED. 
ANGLE 



,-sf 

/ 



A 




4 
v I 



/ 



V 



.V 627 
625 

_x_ 



Iff? 

ijr 



-622 
BUNDLE 
HOLLOW 



OF FINE 
TUBES 



i 



Fig. 37 




50 



EP 0 518 633 A1 



Fig. 38 




51 



EPO 518 633 A1 




52 



EP 0 518 633 A1 



PS a O- 



Fig. 40(a) 



672 



670 
-^SS A 



5^ 



xk 



B 



ps b o 




673 



B 



671 



Fig. 40(b) 



682 
PS A <£ 



680 



-OSSa 



VR B 

\ 



VR A 



R 



B 



683 



^ 681 



-oss F 



53 



EPO 518 633 A1 



Fig.41 



Nmax 




SIGNAL WITH PATTERN SIGNAL WITHOUT PATTERN 



54 



EP 0 518 633 A1 



Fig. 42 (a) 



613 |^610 614 | -611 



o ELECTRON 
} ^7^ 1 ' BEAM 



/ ' \ / / 



GENERATING 
SOURCE 



/ 



/ A 



•616 Ay /./^6l5b\ f / 

lis 

"*S ^ 2>- 



\t/fel7 

i p2 j 



^7 



Fig. 42(b) 

615a 615b 615 



Fig. 42(c) 



x/a or y/h 




6l5d 
6l5g 6 



~o/t 



55 



EP 0 518 633 A1 



Fjg. 43(a) -1 
Fig.43(a)-2 

Fig. 43(a) -3 




Fig 43(b) 




Ji 



I 

■ ...I • - - 
U-ZJAL -J L _ — 



Fig. 43 (c) 




Fig. 43(d) 




Fig. 44 




TO LENS 
ELECTRODE 



56 



EP 0 518 633 A1 



Fig. 45 



LSB MSB 

+Vc Ba B3 B2 Bi 
9 9 9 o 




Fig. 46 



46-1 



SIGNAL 
DISCRIMINATING 
MEANS 



46-7 



LENS 

ELECTRODES 



46-2 
ADC 




46-3 
_1_ 



MEMORY 
MEANS 



46-5 i DATASET 




DAC 



PROCESSING 
MEANS 



S 

46-4 



SUBSTRATE 



57 



EP 0 518 633 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Application Number 



EP 92 30 5311 
Page 1 



Category 



Citation of 



i appropriate. 



Relevant 

to i " 



CLASSIFICATION OF THE 
APPLICATION (Int. CLS > 



EP-A-0 289 Z78 (CANON) 



* abstract * 

* column 1, line 5 - line 21 * 

* column 4. line 22 - column 5. line 27 * 

* column 7, line 59 - column 8. line 53; figures 
1,2 * 

EP-A-0 339 9S1 (MICROELECTRONICS CENTER OF NORTH 
CAROLINA) 

* column 1, paragraph 1 * 

* column 1, line 37 - column 2. line 6 * 

* column 3, line 3 - column 4, line 27 * 

* column 8, line 54 - column 10, lino 39; 
figures 1-2,7-10 * 

JOURNAL OF APPLIED PHYSICS. 

vol. 47, no. 12. December 1976, NEW YORK US 

pages 5248 - 5263; 

C.A. SPINOT ET AL. : 1 PHYSICAL PROPERTIES OF 
THIN- FILM FIELD EMISSION CATHODES WITH 
MOLYBDENUM CONES' 

* abstract * 

* page 5248, right column, paragraph 2 - page 
5250, left column, paragraph 3; figures 1-3 * 

EP-A-0 379 865 (SIEMENS AG) 

* abstract * 

* column 1, line 5 - line 36 * 

* column 1, line 45 - column 2, line 37; figures 
1,2 * 

US-A-4 983 830 (IVAASAKI) 

* column 1, line 6 - column 2, line 61 *. 

* column 3, line 15 - column 4, Hne 6; figures 
1-3 * 



The present search report has been drawn up for all 



1-4,6,8, 

17-19, 

23,27-35 



1-3,17, 
20.23, 
27-35 



1.2.8, 
20.23. 
27*35 



1.3,5. 
23,27-35 



1,23-24. 
27-35 



H01J37/30 
H01J37/305 
H0U37/244 



TECHNICAL. FIELDS 
SEARCHED (Int. CL5 ) 



H01 J 



Fife* otumth 

THE HAGUE 



Q«U of co«^UUm of th* mmxk 

15 SEPTEMBER 1992 



G REISER N. 



CATEGORY OF CITED DOCUMENTS 



X : particularly relevant if taken alone 
Y : particularly relevant 11 combined wit 

document of the same category 
A : technological background 
O : no d- written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

aft« tbe filing date 
D : document cited in the application 
L : document dted for ott 



aber of the same patent family, corresponding 



58 



EP 0 518 633 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Application Number 



EP 92 30 5311 
Page 2 



Category 



Citation of document with indication, where appropriate. 



Relevant 
to I 



CLASSIFICATION OP THE 
APPLICATION (Int. Q.S ) 



PATENT ABSTRACTS OF JAPAN 

vol. 8, no. 88 (E-240)( 1525) 21 April 1984 

4 JP-A-59 006 537 ( HITACHI ) 13 January 1984 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 8, no. 99 (E-243)10 May 1984 

& JP-A-59 016 255 ( NIPON OENSHIN 0ENMA ) 27 

January 1984 

* abstract * 

JOURNAL OF VACUUM SCIENCE AND TECHNOLOGY: PART 
B. 

vol. 4. no. 3, May 1986, NEW YORK US 
pages 686 - 691; 

K. SAITOH ET AL. : 1 ELECTRON BEAM PATTERN 
INSPECTION SYSTEM USING IMAGE PROCESSING* 

* abstract * 

* page 686, left column, paragraph 1 - page 687, 
left column, paragraph 2 * 

* page 688, right column, paragraph 3 -.page 
690. right column, paragraph 2; figures 1,2,7-U 



PATENT ABSTRACTS OF JAPAN 

vol. 6, no. 152 CP~134)12 August 1982 

& JP-A-57 072 072 ( FUJITSU ) 6 May 1982 

* abstract * 

FR-A-2 220 871 (NIHON DENSHI) 

* page 1, line 1 - line 3 * 

* page 7, line 18 - page 8, line 10; figures 
7-10 * 



1,2,23, 
27-35 



1,2.23, 
27-35 



15-16, 
21-22, 
30,35 



TECHNICAL FIELDS 
SEARCHED (Int. CI. 5 ) 



28.33 



The present search report has been drawn up for all claims 



THE HAGUE 



15 SEPTEMBER 1992 



G REISER N. 



CATEGORY OF CITED DOCUMENTS 

particularly relevant if taken alone 
particularly relevant if combine* with another 
document of the same category 
technological background 



internee* late docament 



T : theory or principle underlying the Invention 
E : earlier patent document, but published oa, or 

after the filing date 
D : docament dted la the a p pli c ad oa 
L : document dted for other reasons 

of the same patent family, corresponding 



59 



